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The Noradrenergic Neurotoxin DSP-4 Eliminates the Coeruleospinal
Projection but Spares Projections of the A5 and A7 Groups to the

Ventral Horn of the Rat Spinal Cord

W. Ernest Lyons, Jean-Marc Fritschy, and Reinhard Grzanna
Department of Neuroscience, Johns Hopkins University School of Medicine, Baltimore, Maryland 21205

Systemic administration of the noradrenergic neurotoxin
DSP-4 results in a complete loss of staining of noradrenergic
(NA) axons in the dorsal horn and intermediate zone of the
rat spinal cord. NA axon staining in the ventral horn and in
the intermediolateral cell column is only slightly decreased
by the drug treatment. We have taken advantage of this
differential effect of DSP-4 on NA axons to determine the
location and number of cells that give rise to NA axons in
the ventral horn and the intermediolateral cell column. Ret-
rograde transport of the fluorescent tracer True blue was
combined with dopamine-g-hydroxylase immunohistochem-
istry 2 weeks after treatment of rats with 50 mg/kg of DSP-
4, Compared with controls, the drug treatment resulted in a
more than 90% decrease in the number of retrogradely la-
beled NA neurons in the locus coeruleus and an only 30-
50% reduction in the number of retrogradely l[abeled NA celis
in the A5 and A7 groups. The results reveal different sites
of termination in the spinal cord of NA axons originating in
the LC and in NA cells of the A5 and A7 groups: the LC
distributes fibers mainly to the dorsal horn and the inter-
mediate zone, while NA cells of the A5 and A7 groups project
to motoneurons of the ventral horn and the intermediolateral
cell column.

Descending noradrenergic (NA) axons are distributed to all levels
of the rat spinal cord. The highest density of NA axon terminals
is found in the vicinity of preganglionic sympathetic neurons,
among somatic motoneurons, and in the most superficial part
of the dorsal horn (Carlsson et al., 1964; Dahlstrom and Fuxe,
1965; Mizukawa, 1980; Westlund et al., 1983). Retrograde
transport studies have identified 4 distinct NA subgroups as the
source of noradrenergic afferents to the rat spinal cord: the locus
coeruleus (LC), the subcoeruleus, and the A5 and A7 groups
(Satoh et al., 1977; Blessing et al., 1981; Westlund et al., 1983;
Byrum et al., 1984; Loewy et al., 1986). In their original de-
scription of the bulbospinal monoamine systems, Dahlstrom
and Fuxe (1965) presented evidence for the existence of 2 dis-
tinct descending bulbospinal NA fiber systems with different
sites of termination: a large fiber system coursing through the
anterior funiculus and the most ventral part of the lateral funic-
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ulus innervating the ventral horn, and a second pathway running
in the lateral funiculus, especially in its dorsal part, innervating
the dorsal horn and the intermediolateral cell column.
Although there is a general consensus that different NA cell
groups are likely to innervate different regions within the spinal
cord, details of the distribution of axons from each NA subgroup
within the cord are not yet known. Most authors agree that the
LC is the principal source of the NA input to the ventral horn
and to much of the intermediate zone of the spinal cord. This
conclusion has been derived from autoradiographic anterograde
tracing studies and from studies of the effects of bilateral LC
lesions on the distribution of NA axons in the spinal cord (Ny-
gren and Olson, 1977, Commissiong et al., 1978; Holstege et
al., 1979; Commissiong, 1981; Kuypers, 1982; Holstege and
Kuypers, 1987). That the LC may not distribute axons to lamina
IX ofthe ventral horn was first suggested by Martin et al. (1979a,
b), who traced descending projections from the LC to the spinal
cord of the opossum. The first direct demonstration of LC pro-
jections to the dorsal horn and the lack of LC projections to
lamina IX of the ventral horn of the rat spinal cord was reported
by Fritschy et al. (1987). These authors combined anterograde
transport of the lectin Phaseolus vulgaris leucoagglutinin (PHA-
L) with dopamine-3-hydroxylase (DBH) immunohistochemis-
try and demonstrated unequivocally a preferential distribution
of NA axons of the LC to the dorsal horn and the intermediate
zone but found only a sparse distribution of LC axons in the
ventral horn. Less controversial is the issue of the source of the
dense NA input to the intermediolateral cell column of the
thoracic spinal cord. It is now widely accepted that cells of the
AS group are the principal source of the NA input to the inter-
mediolateral cell column (Byrum et al., 1984; Loewy et al.,
1986), although it is still not known to what extent other NA
subgroups may contribute to this dense terminal plexus at tho-
racic spinal cord levels. Almost nothing is known about the
termination of NA axons originating in the A7 group, even
though this NA subgroup emits extensive projections to the
spinal cord (Stevens et al., 1982; Westlund et al., 1983).
Methodological difficulties have hampered definitive identi-
fication of the sites of termination of axons from different NA
subgroups within the spinal cord. The A5 and A7 groups do not
form compact clusters of cells and hence are not readily lesioned
to reveal the distribution of their axons at spinal cord levels.
For the same reasons, anterograde tracing experiments are of
only limited value. Retrograde tracing studies are also not op-
timally suited to uncover differential NA projections to the spin-
al cord since they would require very small and discrete injec-
tions of tracer into different regions of the gray matter. An
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elegant approach for the study of the NA bulbospinal projection
was employed by McBride et al. (1985). These investigators
analyzed the retrograde labeling of NA cells from the spinal cord
after neonatal treatment of rats with the catecholamine neuro-
toxin 6-hydroxydopamine and discovered that this drug treat-
ment results in degeneration of coeruleospinal axons.

In a previous study, we characterized the effects of the neu-
rotoxin DSP-4 (N-(2-chloroethyl)-N-ethyl-2-bromobenzylam-
ine; Ross et al., 1973; Zieher and Jaim-Etcheverry, 1980; Jons-
son et al., 1981) on the distribution of NA axons in the rat CNS.
In the spinal cord, systemic administration of this drug produces
a complete loss of NA axon staining in the dorsal horn and
intermediate zone but has little effect on NA axon terminals
innervating the intermediolateral cell column and the ventral
horn (Fritschy and Grzanna, 1989). In this study, we have taken
advantage of this highly selective neurodegenerative effect of
DSP-4 on NA axons to identify the cells that give rise to the
NA axon terminals in the intermediolateral cell column and the
ventral horn of the spinal cord. Using retrograde transport of
the fluorescent tracer True blue (TB)in combination with DBH
immunohistochemistry after DSP-4 treatment, we demonstrate
that NA axons innervating somatic and visceromotor neurons
originate in cells of the A5 and A7 groups.

Materials and Methods

Neurotoxin injections. Adult male Sprague-Dawley rats weighing 150-
175 gm were used in all experiments. Rats received a single dose of 50
mg/kg of freshly prepared DSP-4, administered i.p. in sterile saline.
Previous studies have shown that this dose produces degeneration of
LC axons in forebrain regions and in the spinal cord (see Jonsson, 1983).
Because of the very short half-life of DSP-4 in solution (Ross et al,
1973), the drug was dissolved immediately prior to injecting each an-
imal.

NA axon staining in spinal cord. For analysis of NA axon distribution
in the spinal cord of untreated and DSP-4 treated rats, sections were
processed for immunohistochemistry using antibodies to rat DBH
(Grzanna and Coyle, 1976) in combination with the avidin-biotin meth-
od of Hsu et al. (1981). Rats were anesthetized with chloral hydrate and
perfused through the ascending aorta using a modification of the pH-
shift method of Berod et al. (1981). Perfusions were started with 100
ml of ice-cold PBS followed by 400 ml of 100 mm sodium acetate buffer,
pH 6.5, containing 4% paraformaldehyde and then 400 ml of 100 mm
borate buffer, pH 9.5, containing 4% paraformaldehyde and 0.1% glu-
taraldehyde. Brains and spinal cords were promptly removed, postfixed
for 4-6 hr and then transferred into PBS containing 10% dimethylsulf-
oxide for cyoprotection. Thirty micron transverse sections through the
brain stem and spinal cord were incubated free-floating in a 1:2000
dilution of guinea pig anti-rat DBH in PBS containing 0.2% Triton
X-100 and 1% normal goat serum. After 3 washes in PBS, sections were
incubated for 1 hr at room temperature with biotinylated goat anti-
guinea pig immunoglobulins, washed again, and then incubated with
the avidin-biotin-peroxidase complex for 1 hr. To visualize the antigen,
sections were reacted in a cocktail of 0.05% diaminobenzidine and
0.005% hydrogen peroxide in 50 mm Tris buffer at pH 7.6

For intensification of staining, sections were further processed ac-
cording to the procedure described by Gerfen (1985).

Retrograde transport experiments. The fluorescent retrograde tracer
TB was injected into either thoracic (4 control rats and 4 DSP-4-treated
rats) or lumbar spinal cord levels (2 control rats and 2 DSP-4-treated
rats). DSP-4 treated rats were injected with TB 14 d after drug treatment.
For tracer injections, rats were anesthetized with chloral hydrate and
segments of either thoracic or lumbar spinal cord were exposed by
laminectomy of 2 adjacent vertebrae. TB was injected via a glass mi-
cropipet (tip diameter, 75-100 pm) mounted onto a 10 ul Hamilton
syringe. Five 100 nl injections of a 2.5% sonicated suspension of TB
were made at approximately 300 um intervals. No attempt was made
to restrict the tracer to one side of the spinal cord.

Immunohistochemistry afier retrograde transport. Fourteen days after
delivery of the retrograde tracer, rats were perfused as described above

for staining of NA axons in spinal cord sections. Following overnight
incubation of sections in the primary antibody, sections were washed
with PBS and then incubated for 1 hr in a 1:50 dilution of fluorescein
isothiocyanate (FITC) conjugated goat anti-guinea pig antiserum. All
sections were mounted onto gelatin-chrome-alum-coated glass slides
and air-dried.

Data collection. Fluorescent-labeled cells were viewed in a Leitz Or-
tholux fluorescence microscope equipped with a Ploem incident illu-
minator. TB-labeled and DBH-positive cells were identified in the same
tissue section using different filter combinations. For collection of data,
NA cells of the pons were delineated into subgroups according to the
nomenclature of Dahlstrom and Fuxe (1964); rostral and caudal A5
groups were distinguished based upon the criteria reported previously
(Grzanna et al., 1987). In each section through the pons, retrogradely
labeled DBH-positive cells were counted in the AS and A7 groups. The
number of retrogradely labeled neurons in the LC was determined using
photographs of the LC that were taken from every section containing
this nucleus. For the description of NA axons in the spinal cord, the
atlas by Paxinos and Watson (1986) was consulted. Fluorescence pho-
tomicrographs and dark-field photomicrographs of NA axons stained
with the avidin-biotin procedure were taken using Kodak Tmax 400
film.

Results

Effects of DSP-4 on NA axons in spinal cord

In spinal cord sections from control rats, DBH immunohisto-
chemical staining reveals an extensive network of NA axons
throughout the gray matter at all spinal cord levels (Figs. 14,
2A). In the ventral horn a dense plexus of NA axon terminals
is present in the vicinity of motoneurons. The highest density
of NA axon terminals is found in the intermediolateral cell
column of the thoracic spinal cord (Fig. 24). Fourteen days after
systemic injections of 50 mg/kg of DSP-4, DBH immunohis-
tochemistry reveals that all NA axon staining is abolished in
the dorsal horn and the intermediate zone (Figs. 1B and 2B).
Extensive loss of NA axon staining is also observed in lamina
VII of the ventral horn and in the lamina IX surrounding the
central canal. In contrast, the density of NA axon terminals in
lamina IX of the ventral horn is only slightly reduced. This
plexus is present in both the lateral and medial motoneuron
pools. Immunohistochemical staining of the very dense NA
axon terminal plexus in the intermediolateral cell column of the
thoracic spinal cord is also not affected by DSP-4 treatment
(Fig. 2B).

The extent of the loss of NA axon staining in the ventral horn
varies from animal to animal, but the staining of NA axons in
motoneuron pools at 14 d is generally not different from that
seen at 28 d after drug treatment. Preliminary studies of the
long-term effects of DSP-4 suggest that 3 months after drug
treatment the staining of these remaining NA axons in the ven-
tral horn and the intermediolateral cell column is less intense
than after 2 weeks. Thus, loss of NA axons staining is most
dramatic during the first 2 weeks after drug treatment; the ad-
ditional loss of axon staining after the second week is much
less conspicuous and appears to occur at a much slower rate.

Retrograde tracer experiments after DSP-4 treatment

Fourteen days after injections of TB into thoracic and lumbar
segments of the spinal cord of untreated rats, retrogradely la-
beled NA cells are found in the LC, subcoeruleus, and the AS
and A7 groups (Table 1; Figs. 3, 4). For the retrograde transport
studies in DSP-4-treated rats, we have injected TB 14 d after
drug treatment, since the loss of NA axon staining is nearly
complete by the end of the second week. As in untreated rats,
these injections labeled non-NA cells throughout the pontine
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Figure 2. NA axons in transverse sections of thoracic spinal cord. 4, Section from a control animal. The highest density of NA axon terminals
is present in the intermediolateral cell column. B, Section from a rat 2 weeks after treatment with DSP-4. There is complete loss of NA axon
staining throughout the gray matter with sparing of NA axons in the intermediolateral cell column and the ventral horn. Dark-field photomicrograph.

Scale bar, 100 pm.

reticular formation with an intensity not different from that seen
in control rats. The intensity of immunohistochemical staining
of NA cell bodies in DSP-4-treated rats was also not different
from the staining seen in sections from untreated animals.
Injections of TB into thoracic levels of the spinal cord 2 weeks
after DSP-4 treatment labeled very few cells in the LC (Fig. 3).
In control animals, these injections labeled on average 572 cells
in the LC bilaterally. In DSP-4-treated rats, only 39 retrogradely
labeled cells were counted, a reduction of 93%. In the subco-
eruleus, 123 cells were counted in control rats and 48 were found
in DSP-4-treated rats. NA cells in the dorsal part of the sub-
coeruleus, which lies immediately ventral to the LC outside the
central gray, were not retrogradely labeled, while there was sub-
stantial retrograde labeling of NA cells in the more ventral part
of the subcoeruleus, the portion that extends rostrally and lat-
erally to the A7 group and ventrally toward the rostral AS group.
Injections of TB into thoracic segments of the cord resulted
in substantial labeling of NA cells in the A5 and A7 groups (Fig.
4). In control rats, these injections labeled on average 120 cells
in the caudal AS group, 142 cells in the rostral A5 group, and

178 cells in the A7 group. In DSP-4-treated rats, injections of
TB labeled 62 cells in the caudal A5 group (52% of control), 46
cells in the rostral A5 group (32% of control), and 90 cells in
the A7 group (51% of control).

To determine whether a different pattern of retrograde label-
ing can be observed after tracer injections into lumbar segments
of the spinal cord, TB was deposited at low lumbar levels of 2
control rats and 2 DSP-4-treated rats. These injections labeled
bilaterally 473 cells in the LC of control rats and 37 cells in
DSP-4-treated rats (8% of control). In the subcoeruleus, 109
cells were labeled bilaterally in untreated rats and 51 cells in
drug-treated animals (47% of control). Of the NA cells retro-
gradely labeled, none were found in the cluster of cells located
immediately ventral to the LC just outside the central gray.
Substantial labeling was observed in the A5 and A7 groups
bilaterally: 136 cells in the caudal A5 group, 120 cells in the
rostral A5 group, and 186 cells in the A7 group. In DSP-4-
treated rats, lumbar injection of TB-labeled 86 cells in the caudal
A5 group (65% of control), 68 cells in the rostral A5 group (57%
of control), and 121 in the A7 group (63% of control). Table 1
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Figure 3. Pair of fluorescence photomicrographs of retrograde labeling of LC after TB injections into thoracic segments of the spinal cord. 4,
Retrograde labeling of cells in the caudal LC of control rat. B, Section through the caudal LC of a rat treated with DSP-4 2 weeks before tracer
injections into the spinal cord. Scale bar, 50 um.
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summarizes the results of the retrograde labeling of NA cells in
control and drug-treated rats.

Discussion

Previous biochemical studies of the neurotoxic effects of DSP-4
on NA axons described a preferential action of the drug on axons
originating in cells of the LC (Jonsson et al., 1981; Jonsson,
1983; Hallman et al., 1984). In an immunohistochemical anal-
ysis of the effects of DSP-4 on NA axon staining in the rat CNS
(Fritschy and Grzanna, 1989), we demonstrated a profound
selectivity of DSP-4 for NA axons of the LC. Administered at
doses that produce complete degeneration of LC axons, DSP-4
has little or no effect on the structural integrity of NA axons of
non-LC origin. In this study we have taken advantage of this
differential response of NA axons to DSP-4 to identify the origin
of NA axon terminals in the dorsal and ventral horn of the
spinal cord.

NA axons in spinal cord that remain after systemic DSP-4
treatment

The histochemical analysis of the effects of DSP-4 treatment on
NA axon staining in the spinal cord confirms our earlier ob-
servation that the drug produces a nearly complete loss of NA
axon staining in the dorsal horn and intermediate zone at all
levels of the spinal cord. In contrast, DSP-4 treatment results
in an only slight reduction in NA axon staining in the ventral
horn. These spared NA fibers are found in the neuropil of the
motoneuron layer, lamina IX (Paxinos and Watson, 1986), and
the intermediolateral cell column (Figs. 1B, 2B). We did not
observe any noticeable change in the staining of NA axons in
the ventral horn between 2 and 4 weeks after DSP-4 treatment.
However, preliminary observations in studies of effects of DSP-4
3 months after drug treatment revealed further loss of NA axon
terminals in lamina IX. If this observation can be confirmed,
it would suggest that NA axons innervating somatic motoneu-
rons degenerate at a much slower rate than NA axons in the
dorsal horn and the intermediate zone.

A differential sensitivity of descending NA axons to a neu-
rotoxin has previously been observed by McBride et al. (1985),
who found that neonatal 6-hydroxydopamine destroys spinal
cord noradrenergic axons from the LC but not those from the
lateral tegmental cell groups. These authors observed an 85%
decrease in the number of retrogradely labeled LC neurons after
tracer injections into thoracic segments of the spinal cord of rats
treated with 6-hydroxydopamine at birth. This result agrees well
with our finding of a more than 90% loss of labeling after DSP-
4. In their study, McBride et al. (1985) did not find any decrease
in the number of retrogradely labeled neurons in other NA
subgroups of the pons. However, these investigators identified
AS and A7 cells based upon their location in the lateral pontine
tegmentum rather than by immunohistochemical staining. We
have consistently found a number of non-NA cells among A7
cells with projections to the spinal cord, and it is possible that
McBride et al. (1985) may have overestimated in their study
the number of retrogradely labeled NA cells in the AS and A7
groups.

There is a conspicuous difference in the morphology of NA
axon terminals ablated by DSP-4 and those spared by the drug.
While NA axons of the dorsal horn and the intermediate zone
(Figs. 14 and 24) have distinct intervaricose segments, NA axon
terminals in lamina IX (Figs. 1 B and 2B) typically have a dotlike
appearance. Thus, 2 populations of NA axons can be distin-

The Journal of Neuroscience, May 1989, 9(5) 1487

Table 1. Retrograde labeling of NA cells in DSP-4-treated rats after
TB injections into thoracic (mean of 4 cases) and lumbar segments
(mean of 2 cases) of the spinal cord.

Spinal cord %
level NA subgroup Control
Thoracic A3 caudal 52
AS rostral 32
A7 51
subcoerulus 39
locus coeruleus 7
Lumbar AS caudal 65
AS rostral 57
A7 63
subcoeruleus 47
locus coeruleus 8

guished in the spinal cord based upon their differential sensi-
tivity to DSP-4 and based upon their morphologic features. Two
groups of NA axons have previously been identified by Levitt
and Moore (1979). Their fluorescence histochemical analysis
led them to conclude that in the brain stem LC axons are readily
distinguished from non-LC NA axons based upon the size, shape,
and spacing of their varicosities.

Topography of descending NA projections
The LC, subcoeruleus, and the AS and A7 groups have previ-
ously been identified as the source of the NA projections to the
spinal cord (Westlund and Coulter, 1980; Stevens et al., 1982;
Westlund et al., 1983; Byrum et al., 1984; Lyons and Grzanna,
1988). The existence of a topographic order in the descending
NA projections to the monkey spinal cord has been proposed
by Westlund and Coulter (1980). The results of this study reveal
a definite topographic order in the descending projections from
the LC and from NA cells of the A5 and A7 groups in the rat.
The loss of NA axon staining in the dorsal horn and the inter-
mediate zone after DSP-4 treatment is accompanied by a nearly
complete loss of retrograde labeling of LC cells (Fig. 3) but only
a moderate reduction in the labeling of A5 and A7 cells. We
interpret this finding as evidence that spinal cord regions devoid
of NA axon staining after DSP-4 treatment are regions supplied
by LC axons. The retrograde labeling of AS and A7 cells must
be attributed entirely to transport of TB by the remaining NA
axons in the ventral horn and the intermediolateral cell column.
Based on the results of this study, we cannot rule out that A5
and A7 cells also project to the dorsal horn and the intermediate
zone of the spinal cord. However, if this were the case, it would
make it necessary to postulate the existence of A5 and A7 cell
axons in the spinal cord with different susceptibilites to DSP-4.
We have been unable to determine whether the NA projec-
tions to the ventral horn of lumbar spinal cord and the inter-
mediolateral cell column of the thoracic spinal cord originate
in separate NA subgroups. That the NA innervation of the
intermediolateral cell column originates primarily, if not exclu-
sively, in cells of the A5 group has previously been suggested
(Byrum et al., 1984; Loewy et al., 1986). We have proposed
recently (Lyons and Grzanna, 1988) that cells of the A7 group
may be the principal source of the NA innervation of moto-
neurons. In the present study, we did not observe any significant
difference in the labeling of A5 and A7 cells after tracer injections
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into thoracic and lumbar levels of the spinal cord. This finding
may reflect the fact that both NA subgroups project to the ven-
tral horn and the intermediolateral cell column of the thoracic
spinal cord. However, the data would also be compatible with
the interpretation that A5 cells project mainly to visceromotor
neurons while A7 cells project to somatic motoneurons, since
our lumbar injections would have labeled descending A5 axons
on their way to sacral spinal cord levels. The origin of the NA
innervation of the parasympathetic neurons at sacral levels is
still controversial (Loewy et al., 1979; Westlund and Coulter,
1980; Hida and Shimizu, 1982), and further studies will be
needed to determine whether the NA innervation of the pre-
ganglionic sympathetic and parasympathetic neurons originate
from the same or different NA subgroups.

Our conclusion that cells of the LC project to the dorsal horn
and the intermediate zone, while NA cells of the A5 and A7
groups project to somatic motoneurons and preganglionic neu-
rons of the spinal cord contradicts the findings of several earlier
studies. Based upon biochemical and histochemical studies, it
has been concluded that the LC distributes axons to the ventral
horn, the intermediate zone, and the ventral part of the dorsal
horn (Nygren and Olson, 1977; Commissiong et al., 1978; Com-
missiong, 1981). Anterograde transport studies also concluded
that the coeruleospinal projections (Kuypers, 1982; Holstege
and Kuypers, 1987) terminate widely throughout all parts of the
spinal cord gray matter but most heavily among motoneuronal
cell groups. Projections of the LC to both the superficial laminae
of the dorsal horn as well as to the ventral horn have been
described in the rat (Hida and Shimizu, 1982), the opossum
(Martin et al., 1979a), and the monkey (Westlund and Coulter,
1980). While we cannot discount the possibility, based upon the
present data alone, that the LC distributes a small contingent
of axons to the ventral horn, this arrangement seems unlikely.
Support for this conclusion is provided by the results of an
anterograde transport study in which we used the lectin PHA-L
in combination with DBH immunohistochemistry to determine
the distribution of LC axons in the rat spinal cord (Fritschy et
al., 1987). In that study we provided direct evidence that the
LC distributes axons throughout the dorsal horn and the inter-
mediate zone; in contrast, few LC axons could be traced into
the ventral horn and none into the vicinity of motoneuron pools.
The region found to be devoid of LC axons in the study by
Fritschy et al. (1987; see their figure 4) precisely coincides with
the terminal plexus of NA axons spared by DSP-4 treatment in
this study. Thus, the data of the 2 studies complement each
other and together provide a substantial body of evidence for
the proposition that the LC innervates the dorsal horn and
intermediate zone of the spinal cord and that NA cells of the
AS and A7 groups project to the ventral horn and the inter-
mediolateral cell column.

Based upon studies of the effects of bilateral LC lesions on
the distribution of NA axons in the brain stem, Levitt and Moore
(1979) concluded that the LC innervates sensory and association
areas, whereas non-LC cells innervate motor nuclei at brain-
stem levels. We have shown by retrograde transport (Grzanna
et al., 1987) that the motor nuclei of the trigeminal and facial
nerve receive their NA inputs almost exclusively from cells of
the AS and A7 groups, with little or no contribution from the
LC. We have also shown in a double-retrograde transport study
that the same A5 and A7 cells innervating the motor trigeminal
nucleus also project to the spinal cord (Lyons and Grzanna,
1988). Thus, NA neurons in the ventrolateral pons may be the

only NA cells that can influence directly somatic motor and
visceral motor neurons.

Since the identification of norepinephrine in the spinal cord
(Euler, 1946) and the discovery of its supraspinal origin (Mag-
nussen and Rosengren, 1963; Carlsson et al., 1964), this ami-
nergic bulbospinal system has been suspected to influence a wide
range of spinal cord functions (for review, see Bjorklund and
Skagerberg, 1982; Kuypers, 1982; Bjorklund and Lindvall, 1986).
This study provides direct evidence that the bulbospinal NA
system consists of at least 2 separate and distinct descending
pathways. These 2 pathways differ in their origin and termi-
nation within the spinal cord and should therefore be considered
as 2 separate anatomical systems with entirely different func-
tional capacities.
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