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Anatomical localization of interneurons projecting to
spinocerebellar tract cells in guinea pigs : a study of retro-
grade transneuronal transport of WGA-HRP.
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Chentanez V, Tansatiti T, Sangkae J. Anatomical localization of interneurons projecting to
spinocerebellar tract cells in guinea pigs : a study of retrograde transneuronal transport of
WGA-HRP. Chula Med J 1993 Apr; 37(4) : 249-258

The localization of interneurons of the spinocerebellar system in the lumbar and sacral spinal
cord of five guinea pigs was studied by injection of WGA-HRP (wheat germ agglutinin conjugated with
horseradish peroxidase) into the cerebellar vermis. The interneurons were found in lamina Il of L, -
Ly, laminae IV-VI of L-S, the central part of lamina VII of L -S, lamina VIII of L -S and lamina IX of
L,-L,. The interneurons were 20-30 um in size, and round, oval, triangular and spindle in shape. the
locations of the interneurons were nearly the same as for spinocerebellar tract neurons, except for
laminae III-VI of L-L,, the lateral part of lamina VII of L and laminae IV-V of sacral segments, in
which were found only interneurons. In lamina VIII, even though there were spinocerebellar tract
neurons, the amount was less than that of interneurons. Interneurons were frequently found in laminae
IV-VI, VII, VIIIl which were the same as interneurons projecting to the hind-limb motoneurons. From
this study and previous electrophysiological evidence, it is concluded that the interneurons projecting
to spinocerebellar tract neurons are the same group as those projecting to the hind-limb motoneurons.
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The dorsal spinocerebellar tract (d.s.c.t) and its
homologue, the cuneocerebellar tract (c.c.t), have been
considered as forwarding information primarily on
peripheral events,"” while the main task of the ventral and
rostral spinocerebellar tracts (v.s.c.tandr.s.c.t) would be to
inform the cerebellum about activity in various reflex
pathways to motoneurons, since their input is via the same
interneurons that inhibit or excite motoneurons.??
Inhibition of d.s.c.t. cells is mediated by group I excited
interneurons of Rexed’s laminae V-VI of the lower lumbar
segment in addition to interneurons located in the same
segements as Clarke’s column.”” Since previous
experiments indicated that interneurons which mediate
autogenetic and synergistic inhibition of motoneurons of
group I origin are among the lowere lumbar laminae V-VI
interneurons,®” the same interneurons might well be
responsible for the two actions. Injection of wheat germ
agglutinin conjugated with Horseradish Peroxidase (WGA -
HRP) into the peripheral nerve of the hindlimb muscle was
first transported to motoneurons soma and then,
transneuronally, to interneurons in laminae V-VII
ipsilaterally and interneurons in lamina VIII
contralaterally.®!" The aim of this study is to localize the
interneurons projecting to spinocerebellartract cells (s.c.t.)
by injection of WGA-HRP into the cerebellar vermis of the
guinea pig.

Materials and Methods

WGA-HRP (Sigma) was injected into the
cerebellar vermis of five albino guinea pigs (2-4 pl of 5%
solution in saline). Transported first was retrograde from
the cerebellar vermis to the s.c.t. cells and then
transneuronally to interneurons. Six days after the injection,
the animals were sacrificed and the transcardiac area
perfused with 1% paraformaldehyde, 1.5% glutaraldehyde
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and 4% sucrose. The brain and spinal cord were removed
and cut into serial sections of 60 pm thickness by freezing
microtome. The HRP marking was demonstrated by using
the tetramethylbenzidins reaction!? and observed under
light microscope with polarizing filter. Many HRP
reaction products could be found in the cytoplasm of the
retrograde labelling neurons (s.c.t. neurons). For
identification of the internurons, we used the criteria of
Jankowska and Skoog® as follows : more than 10 reaction
products being presented and distributed evenly in the
cytoplasm, with the cell containing a nucleolus. the mapping
and drawing of labelling neurons were done by using
camera lucida. the diameter of the neurons was measured
following the method of Grant and XU.»

Result

The localization of s.c.t. neurons and interneurons
is shown in Figures 1,3,5. In GP 47 with whole cerebellar
vermis injection the s.c.t. neurons were found in Clark’s
column (c.c) of first to third lumbar spinal cord segments
(LI -L3 ), laminae IV-VI of Ll -L4, the medial and lateral
parts of lamina VIL of L -S, and lamina IX of L, -L, (Fig.1)
The morphology of s.c.t. cells is shown in Figure 2. The
size and shape of the s.c.t. neurons in each lamina are
summarized in Table 1. The interneurons were found in
lamina III of L . -L6, laminae IV-VIof Ll -S, the central part
of lamina VII of L -S and lamina IX of L, - L, (Figure 2.)
The morphology of the interneurons in each lamina is
shown in Figure 4. Table 2 summarizes the size and shape
of the interneurons

In cases GP 48, GP 49, GP 50 and GP 32, only 2
ul of WGA- HRP was injected, the localization of s.c.t.
neurons and interneurons was similar to that of GP 47 but
fewer in number (Figure 5).
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Figure 1. Diagrams showing the injections sites in the cerebellum (A) and the distribution of labeled neurons at lumbar
and sacral spinal levels (B) in case GP 47. (A) unfolded cerebellar cortex, (B) Transverse sections of spinal
segments L to S.

- represents five SCT neurons

4 represents one interneuron
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Figure 2. Photomicrograph of SCT neurons at lumbar spinal levels (L2 to L4 in case GP 47. Dark (A,C,E) and Bright
illumination (B,D,F)

(A) (B) Clarke's column in L2, (C) (D) lamina IV in L2,
(D) (E) lamina V in L2
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Figure 4. Photominograph of SCT neurons (f) and interneurons ( f)in case GP47 (A) Clarke's column of L2 (B) Lamina
IV of L5 (C) lamina V of L 6 (D) central of lamina VII of L3 (E) lateral of lamina VII of L3 (F) lamina VIII of
L2 (G) lamina IX of L4.
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Table 1. Size and shape of s.c.t. neurones in each lamina of the lumbar and sacral spinal cord in GP 47.

Shape

Lamina Size
(pm)
Clark's column 20-35
IV-VI 15-35
VII 25-58
VIII 28-50
IX 25-50

round, oval, spindle, polygonal
round, oval, triangular, spindle
round, oval, triangular, polygonal
round, oval, triangular, polygonal

round, triangular, polygonal,

Table 2. Size and shape of interneurones in each lamina of the lumbar and sacral spinal cord in GP 47.

Lamina Size Shape
(um)
IV-VI 14-28 round, oval, spindle
vil 18-30 round, oval, triangular, spindle
VIII 15-30 round, oval, triangular, spindie
IX 15-28 round, oval, triangular, spindle
Discussion both s.c.t. neurons and motoneurons,

The number of s.c.t. neurons and interneurons in
our study depended on the amount of tracer. These neurons
were frequently found in the same lamina of the spinal cord
except in laminae I11-V1 of L5 -L, the lateral part of lamina
VII of L and laminac IV-V of sacral segments in which
were found only interneurons. (Figure 1). In lamina VIII,
even though there were s.c.t neurons, the amount was less
than that of the interneurons. The interneurons are smaller
in size than the s.c.t. neurons (tables 1,2). From this study,
we could localize the interneurons projecting to s.c.t.
neurons much more than those demonstrated by HRP
injection to Clark’s column.* Inthat report, the interneurons
were found only in laminae V,VI, and VII.

The locations of interneurons projecting to s.c.t.
neurons are quite similar to those projecting to
motoneurons."* Following injection of WGA-HRP into
the motor nerves, after the labelling of motoneurons,
interneurons which were secondarily labelled were found
in laminae V, VI, and VII ipsilaterally and lamina VIII
contralaterally. Electrophysiological evidence Suggested
that the same interneurons in laminae V-VIof L -L,incats
inhibited bothd.s.c.t. neurons and lumbar motoneurons.“'%-
' Interneurons in lamina VII mediated reciprocal Ia
inhibition of hind-limb motoneurons,/'** and those in
lamina VIII interposed in crossed reflex pathway."* From
this data, it is suggested that same interneurons projected to

Summary

The localization of interneurons projecting to
s.c.t. neurons were in laminae III, IV-VI, VII, VIII and IX
ofthe lumbar and sacral spinal cord segment. The locations
were almost the same as s.c.t. neurons but the interneurons
were smaller in size.

Acknowledgements

This research was supported by Rachadapisek-
sompoch Grant. We would like to thank Mrs. Bungon
Changsub for her technical assistance and Miss Varawan
Supsin for her typing of this manuscript.

References

1. Oscarsson O. Functional organization of
spinocerebellar paths. In: A Iggo, ed. HandBook
of Sensory Physiology. Vol II. Somatosensory
System. Berlin : Springer-Verlag, 1973. 338-80

2. Lundberg A. Function of the ventral spinocerebellar
tract. A new hypothesis. Exp Brain Res 1971;
12:317-30

3. Lindstrom S. Recurrent control from motor axon col-
lateral of Ia inhibitory pathways in the spinal



258 3la Busine uatame

cord of the cat. Acta Physiol Scand Suppl 1973;
392:143

4. Hongo T, Jankowska E, Ohno E, Sasaki T, Yamashita
M, Yoshida K. Inhibition of dorsal
spinocerebellar tract cells by interneurones in
upper and lower lumbar segments in the cat, J
Physiol 1983 Sep; 342 : 161-80

5. Czarkowska J, Jankowska E, Sybirska E. Common
interneurones in reflex pathways from group Ia
and Ib afferents of knee flexor and extensor in
the cat. J Physiol 1981; 310 : 367-80

6. Jankowska E, Johannisson T, Lipski J. Common
interneurones in reflex pathways from group Ia
and Ib afferents of ankle extensors in the cat. J
Physiol 1981; 310 : 381-402

7. Brink E, Harrison PJ, Jankowaka E, McCrea DA,
Skoog B, Inhibit interactions between
interneurones in reflex pathways from group Ia
and Ib afferent in the cat. J Physiol (London)
1983 Oct; 343 : 361-73

8. Jankowska E, Skoog B, Labelling of midlumbar neu-
rons projecting to cat hindlimb motoneurons by
transneuronal transport of a horseradish
peroxidase conjugate. Neurosci Lett 1986 Nov;
71(2) : 163-68

9. Harrison PJ, Hultborn H, Jankowska E, Kayz R,
Storai B, Zytnicki D. Labelling of interneurons
by retrograde transynaptic transport of horse-
radish peroxidase from motoneurons in rats and
cats. Neurosci Lett 1984 Mar; 45(1) : 15-19

10. Harrison PJ, Jankowska E, Zytnicki D. Labelling of
interneurons mediating reciprocal inhibition of
feline motoneurons by retrograde transynaptic
transport of WGA-HRP. Acta Physiol Scand
1984 120 : 14A

11. Jankowska E. Further indications for enhancement of
retrograde transneuronal transport of WGA-HRP
by synaptic activity. Brain Res 1985 Aug; 341(2)
: 403-08

Chula Med J

12. Mesulam MM, ed Tracing Neural connections with
Horseradish Peroxidase Chichester. New York :
John Wiley and Sons, 1982. 251

13. Grant G, Xu Q. Routes of entry into the cerebellum
from the lower part of the spinal cord. An ex-
periment anatomical study in cat. Exp Brain Res
1988; 72(3) : 543-61

14. Harrison PJ, Jankowska E, Zytnicki D. Lamina VIII
interneurons interposed in crossed reflex path-
ways in thea cat. J Physiol (London) 1986 Feb;
371 : 147-66

15. Fetz FE, Janskowska E, Johannisson T, Lipski J.
Autogenetic inhibition of motoneurons by im-
pulses in group Ia muscle spindle afferent. J
Physiol (London) 1979 Aug; 293 : 173-95

16. Jankowska E, MaCrea DA, Mackel R. Pattern of non-
reciprocal inhibition of motoneurons by impulses
in group Ia muscle spindle afferents in the cat. J
Physiol (London) 1981 Jul; 316 : 393-409

17. Harrison PJ, Jankowska E, Johannisson T. Shared
reflexed pathways of groups I afferent of differ-
ent cat hindlimb muscles. J Physiol (London)
1983 May; 338 : 113-27

18. Jankowska E, McCrea DA. Shared reflex pathways
from Ib tendon organ afferents and Ia muscle
spindle afferents in the cat. J Physiol (London)
1982 May; 338 : 99-111

19. Hultborn H, Illert M, Santini M. convergence on
interneurons mediating the reciprocal Ia inhibit
of motoneurons. I Disynaptics Ia inhibition of Ia
inhibitory interneurons. Acta Physiol Scand 1976
Feb; 29(2) : 193-201

20. Hultborn H, Illert M, Santini M. Convergence on
interneurons mediating the reciprocal Ia inhibi-
tion of motoneurons. I. Effects from segmental
flexion reflex pathways. Acta Physiol Scan 1976
Mar; 96(3) : 351-67





