
Summary. We have studied the autoradiographic uptake
of 65Zn in the cerebellum and brainstem of the rat,
contrasting these results with Timm’s positivity in these
structures.

Both, autoradiographic uptake and histochemical
positivity, have demonstrated Zinc in a location that
could be accepted as in climbing fibres and glomeruli of
the cerebellum cortex, and also in brainstem neurons that
project their axons to the cerebellum cortex, suggesting a
circuit where zinc may act as a neuromodulator.
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Introduction

The presence of zinc in the rat cerebellum and the
uptake of 65Zn in this area has been known since the
1960s (Euler 1962; Fujii 1967; Hassler and Soremark,
1968).

Later, in the eighties, analytical studies on the
determination of this metal showed that the cerebellum
presents with the second highest amount of Zinc in the
Central Nervous System (CNS) (Kishi et al., 1982;
Crawford and Harris, 1984; Dreosti, 1984; Dvergsten,
1984; Janghorbani and Young, 1984; Farkas et al.,
1988).

More recently, studies from Amano and Enomoto
(1998) and Takeda et al. (1995, 1999, 2000 a-c)
established the basis on 65Zn uptake in the CNS, and
improved our knowledge of 65Zn uptake in the
cerebellum.

Our group studied the location of 65Zn in the
cerebellum by means of autoradiography (Vera-Gil et al.,
1990; Vera-Gil and Pérez Castejón, 1994) and suggested
the relationship between this metal and the system of
climbing fibres.

In the present study, we have related our
autoradiographic studies on 65Zn uptake to studies

performed by means of Timm’s technique to investigate
the meaning of the presence of zinc in the cerebellum
and brainstem.
Materials and Methods

Twenty-four young adult Wistar rats weighing an
average of 250 g. were used. They were divided into 2
groups.

The first group, consisting of 12 animals, was
injected intraperitoneally with 0.5 ml of a saline solution
of 65ZnCl2, named Z.A.S. (supplied by Nuclear Ibérica)with a calibrated activity of 500 microCuries.

The animals were sacrificed on the 6th postinjection
day. Samples of the cerebellum and brainstem were used
for autoradiography at conventional histological level.
Immediate fixation was in a Carnoy solution and they
were embedded in paraffin and sectioned at a thickness
of 6 microns. The autoradiographic method was carried
out by dipping in 50% Ilford K5 emulsion, dissolved in
double-distilled water. Exposure was in black plastic
boxes with a drying system, inside a refrigerator at 4 ºC
for 21 days. Kodak D19 was used as developer and
Hypam as fixer.

The second group, also consisting of 12 animals,
was used to carry out the histochemical technique for
location of heavy metals described by Timm (1958a,b)
but following the protocol of the Bargmann school. The
animals were subjected to thiopental anaesthesia and
they were perfused through the heart with sulphidric
alcohol. After this fixation, samples of the cerebellum
and brainstem were extracted, paraffin embedded and
sectioned at a thickness of 6 microns. Developing was
carried out in a laboratory with an average temperature
of 21 °C and soft illumination. Developing was
interrupted when the reaction changed into a silver
reflectance and control inspection (samples of pancreas,
small intestine and Ammon horn) showed the expected
reaction in those tissues. Then the normal process of
washing in hot water was performed. Eventually, the
slides were counterstained with hematoxylin-eosin.

Controls of both histochemical and auto-
radiographical techniques were applied. Regarding the
latter, fading and blackening controls were carried out in
order to discard chemography. The background index
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was also controlled.
Results

The autoradiographic uptake of 65Zn in the
cerebellum cortex presented with a three level
distribution (Fig. 1a). In the granular layer, there were
evident impacts in the granular cells as well as in the
neuropilum (Fig. 2b).

In the layer of the Purkinje cells, impacts defined the
silhouette of the soma of these cells (Fig. 1a, b) and
displayed through the molecular layer, where they
spread together with the dendritic prolongation of these
cells (Fig. 1a).

The images in the cerebellum cortex obtained by
means of Timm’s technique contrasted with
hematoxylin-eosin corroborated the autoradiographic
description. At this level, the detail of the histochemical
positivity in the granular layer (Fig. 2a) could be
observed with the described double distribution in the
granular cells and in the neuropilum. With regard to the
neuropilum, images suggesting the outline of some
mossy terminals were seen.

The histochemical positivity fully agreed with the
autoradiographic uptake in the Purkinje cell layer, but
showed more intensity, as usual (Fig. 1c).

The role of zinc in the CNS has long been related to
the excitatory activity of Glutamate. Frederickson (1989)
and Frederickson et al. (2000) defined the term ZEN
(zinc enriched neurons) to describe a subpopulation of
Glutaminergic neurons distributed all along the CNS and
containing zinc. From the studies of Pérez-Clausel and
Danscher (1985, 1986) and Danscher et al. (1997, 2001)
we have learned the synaptic role of Zinc in what they
called ZET (zinc enriched terminals). Following this
hypothesis on the location of 65Zn in the climbing fibres
(Vera-Gil et al., 1990), we analysed the uptake and
localisation in the lower olive of the brainstem, and
observed histochemical positivity in its perikaryon, as it
can be observed in Fig. 3a,b. This fact was also
demonstrated by the autoradiographic uptake in some
neurons in the same brainstem location (Fig. 3c). In
addition, we considered additional evidence for the
presence of fibrilar tracts in the surroundings of the
restiforme body, which were clearly marked by 65Zn.
(Fig. 3d)
Discussion

We should like to start by discussing the suitability
of our techniques. We selected the techniques used from
a wide range of techniques that can be used to study the
presence and location of zinc, because they are well
proven, exact and resolutive enough to obtain results in
conventional histology at the level of optic microscopy.
In addition, they are backed by five decades of research,
which has permitted the improvement of the techniques,
learning to differentiate between the adequate result and
the artifact. This is the reason why they work perfectly if

they are properly applied. In fact, more recent and
sophisticated techniques have confirmed the results. At
the same time, we chose these techniques because our
group has thirty years experience with them without
error.

With regard to the choice of our autoradiographic
methodology, we followed the criteria of Kristov (1970)
on the biological half-life of the radionuclid. We used a
single intraperitoneal dose, and we also took into
account the criteria of Takeda et al. (1995) as well as our
own experiences (Vera-Gil et al., 1990; Vera-Gil and
Perez Castejón, 1994).

Ilford K5 emulsion is ideal for the type of emission
of the radioisotope and for high resolution in optic
microscopy. In addition, the distance from the source to
the impact is not significant at this degree of
magnification.

We realise that in the histochemical field, the
techniques of silver selenide and autometalography,
which were widely used by Danscher (1996) may
provide excellent results, especially by means of electron
microscopy. However, by means of optic microscopy, a
well performed Timm technique with the modifications
of the Bargman school is very useful in expert hands, as
Haugh (1984) and Danscher (1984) established and as
we have demonstrated in several tissues apart from the
nervous tissue (Pérez Castejón et al., 1991; Vera-Gil et
al., 1991). But always backed by 65Zn uptake studies, in
order to resolve the unspecificity of Timm’s technique.

With regard to our results, firstly we would like to
underline the evidence which associates zinc with a part
of the system of climbing fibres. Both, the
autoradiographic uptake and the histochemical positivity,
detected some neurons whose cell bodies were located in
the lower olive of the brainstem and whose fibres spread
through the restiforme body as far as the periphery of the
Purkinje neurons and their dendritic tree.

This is the classical system of excitatory cerebellous
afference, which has always been considered as being
mediated by aspartate. However, not all the fibres of this
system have been demonstrated to be zinc positive. Our
autoradiographic study shows relatively selective
positive areas, especially in the brainstem and in the
restiforme body, although they are more generalised in
the cerebellum cortex. In addition, the results by means
of Timm’s method agree with this.

Now, we must consider that while Timm´s staining
could react with all free zinc ions or electrovalently-
bound ones (Danscher, 1984), only a part of the total
zinc present in the structures (just the radioactive one) is
detected by the autoradiographic technique, but both,
free and electrovalently bound ions 65Zn. This is the
reason that we may follow the pathway of 65Zn and in
this way explain our findings.

Is the positivity around the Purkinje cells due to
something else, apart from the neurons and tracts
identified and some climbing fibres? The answer is
beyond the aim of this study, and should be addressed by
means of electron microscopy.
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Fig. 1. a. Autoradiography with 65Zn in the cerebellum cortex, showing intense uptake in the surroundings of the Purkinje cells, continuing along their
dendritic tree, as well as impacts in the neuropilum of the granular layer. b. Detail of the 65Zn uptake around a Purkinje cell. c. Positivity of Timm’s
technique around a Purkinje cell. Scale bar: 10 µm.
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Fig. 2. a. Positivity of Timm’s technique in the granular layer.
b. Autoradiographic uptake of 65Zn in the granular layer. c.
Detail of Timm positivity, showing an image that suggests the
outline of the terminal of a mossy fibre. Scale bar: 10 µm.



The autoradiographic uptake and Timm’s positivity
in the granular layer may agree with the relationship
with Glutamate, which is the neurotransmitter used by
the granular cells. However, the location in the
neuropilum of this cerebellum layer, which has been
confirmed by both techniques, is surprising (Fig. 2a-c).
this could be explained as a participation of the granular
terminals in the cerebellum glomerulae, but the images
from Timm show frequent silhouettes that seem to
outline terminals of mossy fibres. Is zinc related with the
GABAergic function and the inhibitory phenomena?

According to Baraldi et al. (1994) and in the last studies
from Jo-Seung et al. (2000), Danscher at al. (2001) and
Wang et al. (2001a,b, 2002), this could be possible in the
spinal medulla and also in the mouse cerebellar cortex
too. In this territory, Wang et al. (2002) describes
location of zinc in Golgi cells and in basquet cells,
according our findings this is perfectly possible because
Golgi cells also give endings to glomeruli. With respect
to the basquet cells, also some of our autoradiographic
grains and histochemical positivity could be due to that. 

In conclusion, we believe that a subpopulation of
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Fig. 3. a,b. Different aspects of Timm’s
positivity in the perikaryon of brainstem
neurons in the bulbar olive. c.
Autoradiographic uptake of 65Zn in the
same location. d. Autoradiographic
uptake of 65Zn in f ibres in the
restiforme body. Scale bar: 10 µm.



brainstem neurons that project towards the cerebellum
cortex, uptakes, transports and releases zinc. These
neurons can match the definition of Z.E.N by
Frederickson (1989). But also, the recent papers
mentioned above, show some evidence that support a
different role for zinc in some areas of the CNS Our
findings of uptake and location of zinc in the granular
layer also supported that. In consequence, in the
cerebellum, we believe that zinc may act as a
neuromodulator of both excitatory or inhibitory
processes.
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