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Abstract. Attempts to visualize the cerebello-thalamo-cortical path in 
the rat were made with different approaches. We tried (1) double 
labelling with somatopetal tracing from the motor cortex and 
somatofugal from the cerebellar nuclei, (2) transmembrane labelling by 
depositing biocytin or wheat germ agglutinin (WGA)into the motor 
cortex or cerebellum. WGA was either iodinated with 1 2 5 ~  or 
conjugated with horseradish peroxidase (HRP). The double labelling 
technique showed an overlap of the tracers in the same thalamic region 
but no evidence of transsynaptic transport in either direction was 
obtained. Our results indicate a difference in the organization of this 
system in primates and rodents, since transsynaptic labelling in the 
cerebellar nuclei after injections of WGA-HRP conjugate in the 
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INTRODUCTION ones when two tracers were simultaneously in- 
jected. 

Monkeys and rats are often used in experimental 
neurology because of similarity to humans and 
practical and economical advantages, respectively. 
These two species showed considerable similarities 
(Divac 1977, 1984, Aldes 1988) in organization of 
the two neural systems which interface the cerebral 
cortex and the motor mechanisms: the basal ganglia 
and pontocerebellar systems (Kemp and Powell 
197 1, Allen and Tsukahara 1974, Divac 1977). In 
the present study we attempted to extend this simi- 
larity by demonstrating in the rat transmembrane la- 
belling in the cerebellar nuclei following injections 
of different tracers into the motor cortex. Similar in- 
jections into the deep cerebellar nuclei were made 
in order to look for transsynaptic transport in the op- 
posite direction: to the motor cortex via the thala- 
mus. Transmembrane labelling of the cerebellar 
nuclei following intracortical injections of the con- 
jugate between wheat germ agglutinin (WGA) and 
horseradish peroxidase (HRP) has been reported in 
the monkey by Wiesendanger and Wiesendanger 
(1985). Also in other studies WGA labelled with 
either HRP or radioactive iodine has been shown to 
cross cell membranes causing labelling in both so- 
matopetal and somatofugal direction (e.g. Fabian 
and Coulter 1984, review in Jankowska 1985,Baker 
and Spencer 1986). Since our purpose was to look 
for transmembrane labelling rather than to establish 
precise topographic relations in the cerebello-thala- 
mo-cortical path (see: Faull and Carman 1978, 
Haroian et al. 1981, Schim et al. 1981, Donoghue 
and Parham 1983, Angaut et al. 1985), we injected 
large volumes of tracers. 

METHODS 

SUBJECTS 

Eighteen Wistar albino rats of either sex, weigh- 
ing 150-300 g were used in this study. Younger ani- 
mals were used in experiments aimed to utilize 
transmembrane transport of the tracers and older 

MATERIALS 

Wheat germ agglutinin was purchased from 
Sigma and iodinated with 1 2 5 ~  (see Acknow- 
ledgements). The WGA-HRP conjugate was pur- 
chased from Sigma (Type VI, Lots No 31F - 3929 
and 3929-2) as well as from Miles (Lot PW-7). Bio- 
cytin and bisbenzimide were purchased from 
Sigma, and avidin-biotin Elite kit from Vector. 

PROCEDURES 

Two main approaches were employed. First, so- 
matopetal tracers were injected into the motor cor- 
tex and the somatofugal tracers into the 
contralateral cerebellar nuclei. Adjacent sections of 
the thalamus were examined for the presence of 
each tracer. Secondly, WGA was injected either 
into the motor cortex or cerebellar nuclei. In these 
animals both the thalamus and the cerebellar nuclei 
or the motor cortex, respectively, were examined. In 
two animals biocytin was injected into the motor 
cortex. The thalamus, cerebellar nuclei and pyrami- 
dal tract were screened. 

In the two-tracer design, two rats received 0.4 p1 
of 5% bisbensimide into the motor cortex and the 
same volume of 0.4% l I Z 5 1 - w ~ ~  (6.5 pCi in 1 mg 
of protein on the injection day) into the cerebellar 
nuclei. After 24 h, these rats received 14c-la- 
belled 2-deoxyglucose 10 pCi1100 g body weight 
in order to have autoradiograms of the entire sec- 
tions rather than only of the efferents of the cere- 
bellar nuclei. Forty minutes after 2-DG injections 
the animals were perfused and the brains imme- 
diately frozen and cut in a cryostat. Three alter- 
nate series of 20 pm sections were ( I )  stained 
with cresyl violet, (2) only dried, coverslipped 
and charted by means of a fluorescence micro- 
scope coupled to an x-y plotter, or (3) placed on 
cover glass, quickly dried and pressed against a 
sheet of Kodak SB-5 film which was developed 
21 days later. 
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In the experiments with one tracer only, several 
approaches were tried. In some animals the tracer 
was applied to the motor cortex (coordinates in the 
section on surgical methods). In two rats a lum of 
10% polyacrylamide gel, containing 0.4% !?251 
WGA with the same specific activity as before, was 
inserted into the premotor area of one hemisphere 
and the hand motor area of the other hemisphere. 
The animals survived 5 days, were perfused and 
their brains cut on the same day in a cryostat. One 
series of sections was picked up on coverslips which 
were glued to a cardboard, and pressed against 
Kodak SB-5 film for 30 days. The cardboard with 
sections was then photographed unstained and the 
prints were made to match in size the autoradio- 
grams in order to relate the distribution of radioac- 
tivity markings on the developed SB-5 film to the 
sections. Another series of sections was stained 
with cresyl violet. 

Four rats received lumps of 10% polyacrylamide 
gel containing WGA-HRP conjugate in the cerebel- 
lar nuclei. These animals survived 4 days. After per- 
fusion, the brains were left in 20% sugar in 
phosphate buffer at 4 ' ~  for 24 h, rapidly frozen, and 
then cut in a cryostat at 20 pm. Two series were re- 
acted for HRP, one series according to the TMB 
protocol followed by DAB stabilization procedure 
(Lemann et al. 1985) and the other with DAB alone, 
according to a modified Malmgren and Olson 
(1 978) recipe. 

In four rats single injections of 0.3 pl WGA-HRP 
conjugate (concentration 2.5% in artificial cere- 
brospinal fluid) were made into the motor cortex of 
one hemisphere. The animals were sacrificed 48-96 
h after surgery and the brains were processed to re- 
veal HRP as in the previous group. The thalamus 
and cerebellar nuclei were scrutinized. 

In two rats 0.5 p1 of 1 2 5 ~ - ~ ~ ~  as above was in- 
jected into the cerebellar nuclei. The animals sur- 
vived for 4 days and were processed as was the 
group in which the same tracers were applied to the 
motor cortex. In these brains special attention was 
paid to the radioactivity distribution in the thalamus 
and its presence in the motor areas of the cerebral 
cortex. 

In two animals 5% biocytin dissolved in Tris 
buffer pH 7.4, 0.05M was incorporated in polyac- 
rylamide gel and inserted into the motor cortex of 
one hemisphere. After 48 h the animals were per- 
fused with saline and neutral formalin and cut at 
60 pm in a Vibroslice. The sections were reacted 
with Vector ABC Kit and the diaminobenzidine-Ni 
procedure. 

SURGERY 

The animals which survived longer than 24 h 
were operated in anaesthesia induced by Equithesin 
(chloral hydrate, pentobarbital and magnesium sul- 
phate, 3.3 mlkg ip.) and atropine 0.3 mg for each 
rat. The animals which survived only 24 h were an- 
aesthetized by Ketamine (87 mgkg ip.) and Rom- 
pun (13 mgkg ip.). The injections of the tracers 
were made while the head was fixed in a Kopf stere- 
otaxic frame. The coordinates for the motor and 
premotor cortex were anterior 1.0 (motor) and 4.0 
(premotor) rnm from bregma, and lateral 1.5-3.0 mm. 
The coordinates for the cerebellar nuclei were: Pos- 
terior to bregma 1 1 - 12 mm, Lateral 2-4 mm, Depth 
4.0 mm from the dural surface. 

HISTOLOGY 

Perfusions were performed with the animals in 
deep Equithesin anaesthesia. (For details on various 
aspects of methodology see Divac and Diemer 
1980, Divac and Passingham 1980, Divac et al. 
1987). The fluorescence was studied in a Leitz 
microscope equipped for epifluorescence. Auto- 
radiograms were processed in MCID picture ana- 
lysis system (Imaging Research Inc., Canada) to 
enhance the signal. 

RESULTS 

Simultaneous use of two tracers showed both of 
them in the same thalamic region. First, some peri- 
karya were labelled somatopetally from the motor 
cortex and secondly, the radioactivity indicated the 
innervation from the cerebellar nuclei (Fig. I). 
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Fig. 1. Diagramatic presentation 
of the results of simultaneous in- 
jections of bisbenzimide into the 
motor cortex (A) and 12'1 WGA 
into the cerebellum (B). In the 
same thalamic region adjacent 
sections revealed either bisbenzi- 
mide-labelled cell nuclei (C) or 
intense radioactivity (D). 

Thus, at least on the light microscopic level, the respectively. At the ponto-cerebellar level the cor- 
cerebel16fugal pathway terminates in the thalamic tical injections labelled two formations only: locus 
region from which the projection to the motor cor- coeruleus and the pyramidal tract (Fig. 2). In these 
tex originates. animals no radioactivity was detected in the cere- 

In the brains with injections of radioactively la- bellar nuclei (not illustrated). 
belled WGA either in the motor cortex or cerebellar In the brains in which WGA-HRP complex or 
nuclei, the radioactivity was found in the thalamus biocytin were injected into the motor cortical area, 
but not in the cerebellar nuclei or the motor cortex, microscopic examination revealed labelling in the 
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1Y 

li 

LOCUS 
COERULEUS Fig. 2. The results in a rat with very large injection of 12%- 

WGA into the motor area of both hemispheres (A). The tha- 
lamus was intensely labelled (B). Some radioactivity was 

PYRAMIDAL 
TRACT found also in the locus coeruleus and pyramidal tracts (C). The 

more caudal sections in which cerebellar nuclei were present 
showed no radioactivity (not illustrated). 
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Fig. 3. The results in a rat with injection of WGA-HRP into the motor area. The labelling is strong in axons of the capsula interna, 
and in the thalamus, but no label was detected in the cerebellar nuclei (not illustrated). Abbreviations: A, amygdala; F, fornix; 
H, hippocampus; I, internal capsule; M, motor cortex; N, neostriatum; S, septum; T, thalamus. 
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thalamus but not in the cerebellar nuclei, regardless 
of the survival time employed (Fig. 3). Biocytin and 
WGA-HRP were found in the fibers of the pyrami- 
dal tract. 

DISCUSSION 

The overlap of labelling with the somatofugal 
tracers from the cerebellum and somatopetal tracers 
from the motor cortex in the thalamus of the rat in- 
dicates the existence of connections between the 
neurons of the cerebellar nuclei and the thalamic 
neurons with projections to the motor cortex. This 
result confirms earlier studies in the rat (Faull and 
Carman 1978, Haroian et al. 1981, Schim et al. 
1981, Donoghue and Parham 1983, Angaut et al. 
1985). Similar observations were made in the mon- 
key (Percheron 1977, Asanuma et al. 1983). 

The cerebello-thalamo-cortical path in the two 
species seems, however, to differ at least in one re- 
spect: In the monkey transmembrane transport of 
WGA-HRP from the cerebral cortex to the cerebel- 
lar nuclei has been reported (Wiesendanger and 
Wiesendanger 1985), whereas all our attempts to 
demonstrate the same in the rat have failed. 

An obvious explanation of our failure could be 
inadequate methodology. Casagrande et al. (1990) 
reported that even different batches of WGA-HRP 
differ in their ability to be transported somatofu- 
gally, somatopetally and transneuronally. This, 
however, does not seem likely because of the sev- 
eral different approaches and tracers used, includ- 
ing attempts to replicate the Wiesendangers' 
method with WGA-HRP purchased from Sigma 
and Miles. Sigma's WGA-HRP is not made with 
aminocaproic acid which seems to prevent trans- 
membrane transport of the tracer (Russell et al. 
1991). Besides, we see invariably intense labelling 
in the thalamus and the brainstem (locus coeruleus 
and the pyramidal tract) near the level of the unla- 
belled cerebellar nuclei. 

If no artefacts are involved, we are facing a 
species difference which may be resolved by com- 
parative electronmicroscopy of the motor thalamus 
in monkeys and rats. 

ACKNOWLEDGEMENTS 

This research has been supported by the Danish 
Medical Research Council, Fonden af 1870, Foun- 
dation for Experimental Research in Neurology, 
Direktgr E. Danielsen og Hustrus Fond, Ib Hen- 
riksens Fond and Wacherhausens Legat. S. Holm 
was recipient of a stipend from Michaelsen Fonden. 
We are grateful to Ole W. Krogsgaard from the De- 
partment of Nuclear Medicine of the University 
Hospital for iodinating WGA, and Ilse Duun, F. Riis 
and Margit Lgvgreen for technical, photographic 
and secretarial help, respectively. 

REFERENCES 

Aldes L. (1988) Thalamic connectivity of rat somatic motor 
cortex. Brain Res. Bull. 20: 333-348. 

Allen G.I., Tsukahara N. (1974) Cerebrocerebellar communi- 
cation systems. Physiol. Rev. 54: 957-1006. 

Angaut P., Cicirata F., Serapide F. (1985) Topographic organ- 
ization of the cerebellothalamic projections in the rat. An 
autoradiographic study. Neuroscience 15: 389-40 1. 

Asanuma H., Thach W.T., Jones E.G. (1983) Anatomical evi- 
dence for segregated focal grouping of efferent cells and 
their terminal ramifications in the cerebellothalamic path- 
way in the monkey. Brain Res. Rev. 5: 267-297. 

Baker H., Spencer R.F. (1986) Transneuronal transport of per- 
oxidase-conjugated wheat germ agglutinin (WGA-HRP) 
from the olfactory epithelium to the brain of the adult rat. 
Exp. Brain Res. 63: 461-473. 

Casagrande V.A., Hutchins J.B. (1990) Methods for analyz- 
ing neuronal connections in mammals. In: Quantitative 
and qualitative microscopy (Ed. P.M. Conn). Methods in 
neurosciences. Vol3. Academic Press, New York p. 188- 
207. 

Divac I. (1977) Does the neostriatum operate as a functional 
entity? In: Psychobiology of the striatum (Eds. A.R. Cools, 
A.H.M. Lohman and J.H.L. Van der Bercken). Elsevier, 
Amsterdam, p. 21-30. 

Divac I. (1984) The neostriatum viewed orthogonally. In: 
Functions of the basal ganglia. CIBA Foundation Sympo- 
sium 107. Pitman, London, p. 201-215. 

Divac I., Diemer N.H. (1980) The prefrontal system in the rat 
visualized by means of labelled deoxyglucose. Further 
evidence for functional heterogeneity of the neostriatum. 
J. Comp. Neurol. 190: 1-13. 

Divac I., Marinkovic S., Mogensen J., Schwerdtfeger W., 
Regidor J. (1987) Vertical ascending connections in the 
isocortex. Anat. Embryol. 175: 443-455. 



Cerebello-thalamo-cortical path in rats 45 

Divac I., Passingham R.E. (1980) Connections of the medio- 
dorsal nucleus of the thalamus in the tree shrew. 11. Effer- 
ent connections. Neurosci. Lett. 19: 21-26. 

Donoghue J.P., Parham C. (1983) Afferent connections of the 
lateral agranular field of the rat motor cortex. J. Comp. 
Neurol. 217: 390-401. 

Fabian R.V., Coulter J.D. (1984) Transneuronal transport of 
lectins. Brain Res. 344: 41-48. 

Faull R.L.M., Carman J.B. (1978) The cerebellofugal projec- 
tions in the brachium conjunctivum of the rat. I. The con- 
tralateral ascending pathway. J. Comp. Neurol. 178: 
495-518. 

Haroian A.J., Massopust L.C., Young P.A. (1981) Cerebello- 
thalamic projections in the rat: an autoradiographic and 
degeneration study. J. Comp. Neurol. 197: 217-236. 

Jankowska E. (1985) Further indications for enhancement of 
retrograd transneuronal transport of WGA-HRP by synap- 
tic activity. Brain Res. 341: 403-408. 

Kemp J.M., Powell T.P.S. (1971) The connexions of the stri- 
atum and globus pallidus: synthesis and speculation. Phil. 
Trans. Roy. Soc. London Ser. B. 262: 441-457. 

Lemann W., Saper C.B., Rye D.B., Wainer B.H. (1985) Sta- 
bilization of TMB reaction product for electron micro- 

scopic retrograde and anterograde fiber tracing. Brain Res. 
Bull. 14: 277-281. 

Malmgren L.T., Olson Y. (1978) A sensitive method for light 
microscopical demonstration of horseradish peroxidase. 
Brain Res. 148: 279-294. 

Percheron G. (1977) The thalamic territory of cerebellar affer- 
ents and the lateral region of the thalamus of the macaque 
in stereotaxic ventricular coordinates. J. Hirnsforsch. 18: 
375-400. 

Russell M.J., Liu H., Nunes R.J., Vijayan V. (1991) Transsy- 
naptic and non-transsynaptic forms of WGA-HRP. Soc. 
Neurosci. (Abstr.) 17: 60 (28.15). 

Schim J., Lyden P., Sharp F.R. (1981) Increased subcortical 
and laminar cortical 2-deoxy(l4C)glucose uptake during 
cerebellar stimulation. Exp. Neurol. 74: 499-5 18. 

Wiesendanger R., Wiesendanger M. (1985) Cerebello-corti- 
cal linkage in the monkey as revealed by transcellular la- 
belling with the lectin wheat germ agglutinine conjugated 
to the marker horseradish peroxidase. Exp. Brain Res. 59: 
105-117. 

Received 23 June 1993, accepted 2 November 1993 


