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KSIliker-Fuse nucleus: the principal source of pontine catecholaminergic
cells projecting to the lumbar spinal cord of cat
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Using retrograde transport of the fluorescent dye Evans Blue (EB), in combination with
glyoxylic acid histofluorescence, the ponto-spinal catecholaminergic pathways were investigated. The
cells which contain catecholamine and project to the lumbar spinal cord of the cat are most densely
concentrated in the Kblliker-Fuse nucleus. Locus coeruleus, the subcoeruleus area, and the
parabrachial nuclei were found to have relatively few cells that both contain catecholamine and
project to the lumbar spinal cord.

Noradrenergic bulbospinal systems have been implicated in a wide variety of
spinal segmental functions, including motor reflex control1, %, modulation of sensory
processing6,12, and vegetative nervous system control xs. In addition, spinal noradrenaline (NA) has been thought to play a role in opiate and other segmental analgesic
mechanismslO,~l,z2, 27. Since retrograde and antegrade transport studies have demonstrated a major spinal projection from the area of the noradrenergic nuclei, locus
coeruleus (LC) and subcoeruleus (SC), it has been postulated that these nuclei are the
primary source of spinal NA 9,16,17,19,28,26. This postulate has been at least partially
confirmed in rat 28. The inability in cat, however, to block the inhibitory effect of LC
stimulation on dorsal horn cell responses by depleting spinal cord NA (Hodge, et al.,
unpublished observation) suggested that LC might not be the primary source of spinal
NA and that some of the LC neurons projecting to the cord are not noradrenergic.
This study was undertaken to directly map the locations of cell groups in the
dorsolateral pons that both contain catecholamine (CA) and project to the lumbar
cord.
Cats were anesthetized with Nembutal and lumbar laminectomies were performed under sterile conditions. The retrogradely transported fluorescent dye Evans Blue
(EB) (10~ w/v) 4 was injected unilaterally at 8 sites (0.5 /~1 each) throughout the
lumbar gray matter. The animals were allowed to survive 4 days after which they were
deeply anesthetized and the brain stems quickly removed and frozen in a dry
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ice/acetone mixture. In contrast to other reports 14,~. the spinal--pontine rctrograde
transport o f EB with a 4-day survival time gave labeling patterns which indicated a
sensitivity equivalent to, if not better than, that seen when retrograde transport o f
horseradish peroxidase, with a 3-day survival time. was used to identify brain stern
projections to the lumbar spinal cord (Hodge, et al.. unpublished observation). The
tissue was sectioned and reacted by a glyoxylic acid technique similar to that o f de la
Torre and Surgeon 7. Cryostat sections o f the tissue under study, 6-8 #m thick, were
collected on clean glass slides and immediately dried with a warm air current for 5 s.
The sections were then submerged for 6 s m a 2°,~ glyoxylic acid solution in a
phosphate buffer (pH 7.4) and then thoroughly dried with a warm air current. Nexl.
the sides were placed in a 95 C oven tbr 6 rain. then removed, allowed to cool. and
coverslipped with non-fluorescent immersion oil Sections were viewed on a Zeiss
Epifluorescence microscope system equipped with a 405 '435 nm filter combination for
visualizing catecholamines (blue in color) and a 550~590 nm filter combination for
visualizing EB (red in color). The data were collected and stored using a P D P - I I / 3 4
computer interfaced with x and y potentiometers m o u n t e d on the m~croscope stageZ,
Examination o f the injection sites with fluorescence microscopy showed that the EB
was located t h r o u g h o u t the gray matter on the injected site with some diffusion o f the
dye to the ipsilateral white matter and contralateral gray matter. The effectivc
unilaterality o f the injection, however, was confirmed by examining the red nuclei.

Fig. 1. Two photographs of the same field in the area of the KiSlliker-Fuse nucleus using different filter
combinations., A: Evans Blue-labeled cells ~iewed with a 550/590 nm fitter combination~ B:
catecholamine-containing cells demonstrated by a 405/435 nm filter combination, Large arrow
indicates a CA cell which projects to the lumbar spinal cord, while the small arrow indicatesa CA cell
which is not labeled with Evans Blue, Calibration bar is 100 #rn.
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Fig. 2. Outlines of 4 pontine levels (P2.4 to P4.0) viewed from below on which are plotted the locations
of cells projecting to the lumbar spinal cord but not containing catecholamine (top row), the locations
of cells containing catecholamine but not projecting to the lumbar spinal cord (middle row), and the
locations of cells which both contain catecholamine and project to the lumbar spinal cord (bottom
row). The data for each pontine level was taken from a single 6-8/~m section. Each mark represents
one cell. The EB injections were on the left side of the animal's lumbar enlargement.
Results were accepted from cats where only the red nucleus contralateral to the
injection site contained retrogradely labeled cells.
Fig. 1 shows a single field in the area of the K611iker-Fuse nucleus viewed with
each of the two N'cer combinations. On the left (A) are several cells which project to
the lumbar cord, and on the right (B) it can be seen that most of these are
catecholaminergic. Fig. 2 shows the locations of cells, at 4 pontine levels, which
contain retrogradely transported EB or which contain CA, or which contain both CA
and retrogradely transported EB. Throughout the dorsolateral pons there is a dense
concentration of CA-containing cells extending as a band from EC, dorsally, to the
more ventral and lateral groups, SC, and the medial parabrachial nucleus (PBM) as
previously described 20. The most ventral group of CA cells, located at the ventral
margin of the brachium conjunctivum, is in the region of the K611iker-Fuse (KF)
nucleus 3. There are relatively few CA cells in the lateral parabrachial nucleus (PBL).
At the more caudal level (P 4.0) CA cells are mostly found in EC. The vast majority of
CA cells in LC, SC and PBM do not project to the lumbar cord. There are large
numbers of non-noradrenergic cells of the dorsolateral pons which project to the cord.
These cells are located just medial to the CA cell groups, though there is some overlap
in the border zone between these groups (see also Fig. 3). These cells projecting to the
lumbar spinal cord are found bilaterally, though there is some apparent ipsilateral
predominance. Catecholaminergic cells projecting to the lumbar cord are found
primarily in the K F nucleus, located just dorsal to the ventral nucleus of the lateral
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Fig. 3. An outline of the pons (P3.0) viewed from below on which are plotted the locations of cells
containing retrogradely transported Evans Blue but not catecholamine (+), the locations of cells
containing catecholamine but not Evans Blue (A), and the locations of cells containing catecholan~ne
and retrogradely transported Evans Blue (©). The data for this figure are from a single 6-8 ltm
section. Each point represents one cell. The Evans Blue injections were made in the left side of the cat's
lumbar enlargement. BC, brachium conjunctivum; FTP, paralemniscal tegmental field; KF,
K611iker-Fuse nucleus; LC, locus coeruleus; LLV, nucleus of the lateral lemniscus; P, pyramid; PBL,
lateral parabrachial nucleus; SC, nucleus subcoeruleus; TB, trapezoid body.
lemniscus (LLV). In the more caudal pons there are cells in LC, SC and PBM which
contain CA and project to the lumbar spinal cord, but the number and density of these
is much less than that found in KF. The glyoxylic acid technique seemed as sensitive as
the Falck-Hillarp method for identifying CA-containing cells, since the density and
distribution we found of these cells is similar to that described by others using the
Falck-Hillarp methodS,Z3,2L The cells, which contain CA and project to the lumbar
spinal cord. seen in K F as well as LC, SC and PBM, are located bilaterally but with an
ipsilateral predominance.
These results indicate that. in cat, the majority of pontine catecholaminerg~c cells
projecting to the lumbar cord are located in K F and not in LC or SC. The studies
purporting to show that the major noradrenergic spinal projection is from L C are
misleading because of the interspersion and proximity of non-projecting CA-containing cells and projecting non-CA cells. The assumption, then, that stimulation or
destruction of the immediate LC area affects spinal mechanisms by directly altering
only descending spinal no~adrenergic innervation zz'z4"z5 is not substantiated. T h e
studies o f H a m m o n d and Proudfit s have addressed this issue. These discrepancies may
not apply in other species where direct histoehemical studies havre shown noradren-
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ergie coeruleospinal projections 28. Cells located in the cat K611iker-Fuse nucleus have
previously been shown to contain CAS, 13 and have been demonstrated to project to the
spinal cord 9,2~. While the entire dorsolateral pontine CA system has been regarded as a
homogeneous group of cells 1~, the presence of differential projections from the KF
nucleus to the cord suggests that this area can be subdivided into functional groups.
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1 And6n, N., E., Jukes, M. G. M., Lundberg, A. and Vyklicky, L., The effect of DOPA on the spinal
cord. 1. Influence on transmission from primary afferents, Acta physiol, scand., 67 (1966) 373-386.
2 Apkarian, A.V., Hodge, C. J., Jr., Wisnicki, H. J. and Delatizky, J., A simple computerized neuroanatomical data collection system, Trans. Biomed. Engng, Submitted.
3 Berman, A. L., The Brain Stem of the Cat. A Cytoarehitectonic Atlas with Stereotaxie Coordinates,
The University of Wisconsin Press, Madison, WI, 1968.
4 Bjorklund, A. and Skagerberg, G. Simultaneous use of retrograde fluorescent tracers and
fluorescence histochemistry for convenient and precise mapping of monoaminergic projections
and collateral arrangements in the CNS, J. Neurosci. Meth., 1 (1979) 261-277.
5 Chu, N. S. and Bloom, F. E., The catecholamine-containing neurons in the cat dorsolateral pontine
tegmentum : distribution of the cell bodies and some axonal projections, Brain Research, 66 (1974)
1-21.
6 Crowley, W. R., Rodriguez-Sierra, J. F. and Komisaruk, B. R., Monoaminergic mediation of the
antinociceptive effect of vaginal stimulation in rats, Brain Research, 137 (1977) 67-84.
7 de la Torre, J. C. and Surgeon, J. W., A methodological approach to rapid and sensitive
monoamine histofluorescence using a modified glyoxylic acid technique: the SPG method, Histochemistry, 49 (1976) 81-93.
8 Hammond, D. L. and Proudfit, H. K., Effects of locus coeruleus lesions on morphine-induced
antinociception, Brain Research, 188 (1980) 79-91.
9 Hayes, N. L. and Rustioni, A., Descending projections from brain stern and sensorimotor cortex
to spinal enlargements in the cat, Exp. Brain Res., 41 (1981) 89 107.
10 Headley, P. M., Duggan, A. W. and Griersmith, B. T., Selective reduction by noradrenaline and
5-hydroxytryptamine of nociceptive responses of cat dorsal horn neurones, Brain Research, 145
(1978) 185-189.
I1 Hodge, C. J., Apkarian, A. V., Stevens, R. T., Vogelsang, G. D. and Wisnicki, H. J., Locus
coeruleus modulation of dorsal horn responses to cutaneous stimulation, Brain Research, 204
(1981) 415-420.
12 Hodge, C. J., Woods, C. I. and Delatizky, J., Noradrenaline, serotonin and the dorsal horn,
J. Neurosurg., 52 (1980) 674-685.
13 Jones, B. E. and Moore, R. Y., Catecholamine-containing neurons of the nucleus locus coeruleus
in the cat, J. comp. Neurol., 157 (1974) 43-52.
14 Kuypers, H. G. J. M., Bentivoglio, M., Catsman-Berrevoets, C. E. and Bharos, A. T., Double
retrograde neuronal labeling through divergent axon collaterals, using two fluorescent tracers with
the same excitation wavelength which label different features of the cell, Exp. Brain Res., 40 (1980)
383-392.
15 Kuypers, H. G. J. M., Catsman-Berrevoets, C. E. and Padt, R. E., Retrograde axonal transport of
fluorescent substances in rat's forebrain, Neurosci. Lett., 6 (1979) 127-135.
16 Kuypers, H. G. J. M. and Maisky, V. A., Funicular trajectories of descending brainstem pathways
in cat, Brain Research, 136 (1977) 159-165.
17 Martin, G. F., Humbertson, A. O., Jr., Laxson, C. and Panneton, W. M., Dorsolateral pontospinal systems. Possible routes for catecholamine modulation of nociception, Brain Research, 163
(1979) 333-338.
18 Neumayr, R. J., Hare, B. D. and Franz, D. N., Evidence for bulbospinal control of sympathetic
preganglionic neurons by monoaminergic pathways, Life Sci., 14 (1974) 793-806.
19 Nygren, L. G. and Olson, L., A new major projection from locus coeruleus: the main source of
noradrenergic nerve terminals in the ventral and dorsal columns of the spinal cord, Brain Research,
132 (1977) 85-93.

594
20 Poitras, D. and Parent, A., Atlas of the distribution of monoamine-contaming nerve cell bodies
in the brain stem of the cat. J. comp. Neurol.. 179 (1978) 699-718.
21 Reddy, S. V. R. and Yaksh, T. L., Spinal noradrenergic terminal system mediates antinociception.
Brain Research, 189 (1980) 391-401.
22 Sasa, M., Munekiyo, K., lkeda, H. and Takaori, S., Noradrenaline-mediated inhibiti on by locus
coeruleus of spinal trigeminal neurons, Brain Research. 80 (1974) 443-460.
23 Satoh, K., Tohyama, M., Yamamoto, K.. Sakumoto, T. and Shimizu, N.. Noradrenatine innervation of the spinal cord studied by the horseradish peroxidase method combined with monoamine
oxidase staining, Exp. Brain Res., 30 (1977) 175-186.
24 Segal, M. and Sandberg, D., Analgesia produced by electrical stimulation of catecholamine nuclei
in the rat brain, Brain Research. 123 (1977) 367-372.
25 Strahlendorf, J. C., Strahlendorf, H. K., Kingsley. R. E.. Gintautas, J. and Barnes. C. D., Facilitation of the lumbar monosynaptic reflexes by locus coeruleus stimulation. Neuropharmacology, 19
(1980) 225-230.
26 Tohyama, M., Sakai, K., Touret. M., Salvert, D. and Jouvet, M.. Spinal projections from the
lower brainstem in the cat as demonstrated by the horseradish peroxidase technique. II.
Projections from the dorsolateral pontine tegmentum and raphe nuclei, Brain Research, 1976
(1979) 215-231
27 Yaksh, T. L., Direct evidence that spinal serotonin and noradrenaline terminals mediate the spinal
antinociceptive effects of morphine in the periaquaductal grey, Brain Research, 160 (179)
180-185.
8 Westlund, K. N. and Coulter, J. D.. Descending projections of the locus coeruleus and subcoeruleus/medial parabrachial nuclei in monkey: axonal transport studies and dopamine-beta-hydroxylase immunocytochemistry, Brain Res. Rev.. 2 (1980) 235-264.

