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Early hyperthyroidism induces an aberrant growth of hippocampal mossy fibers both in the fascia dentata (supragranular layer) and
in Ammon's horn (infrapyramidal layer of CA3).Using a,quantitative autoradiographic method, we found a corresponding increase in
kainic acid binding sites supporting previous observations of a very close association between mossy fiber terminals and kainic acid
binding sites.

In both rats 3'16 and man 15, high affinity binding
sites for kainic acid (KA), an excitatory analogue of
glutamate 9, are found in high density in the stratum
lucidum of A m m o n ' s horn, corresponding to the termination of the hippocampal mossy fibers (MF). Lesion experiments recently performed in our laboratory suggest that these sites are located largely on the
MF terminals themselves 12.
The MF have been shown to display a considerable
degree of plasticity under a variety of experimental
conditions. They thus sprout backward into the
molecular layer of the fascia dentata following a lesion of entorhinal-commissural afferents 4,17 or destruction of their targets, the CA3-CA 4 pyramidal
cells of Ammon's horn s,l°A2,14. In an earlier study, we
have found that this sprouting is associated with an
enhancement of K A binding sites in the reinnervated
zone 12. In keeping with the observations suggesting
that KA binding sites play an important role in epileptogenesis 2, there is an increased excitability of the
granular neurons following this aberrant innervation 14.
The distribution of the hippocampal MF, which develop postnatally 1, can also be modified in rats
treated during this period with thyroxin 6,7. In order

to further clarify the relationship between the MF
and KA binding sites, we have used this experimental
model to alter the extent and distribution of the MF
termination with subsequent autoradiographic demonstration of the KA binding sites.
Male Wistar rats were used in these experiments.
Early hyperthyroidism was induced in 11 animals by
daily intraperitoneal injections of L-thyroxin (10
/~g/rat dissolved in 0.1 ml saline, pH brought to 9-10
using 0.1 N NaOH) during the first 15 days after
birth. This treatment has been shown previously to
induce aberrant MF in hooded rats 6,7. Six control animals were injected with saline alone during the same
period. Two months after the end of the treatment,
rats were perfused, under anaesthesia, first with
phosphate buffer containing 0.37% sodium sulfide
(200 ml), and then with 0.1% paraformaldehyde (200
ml). We have previously found that this procedure
(which selectively stains the MF according to a slightly modified Timm's sulphide silver method 5,13) does
not affect the K m and Brnax of KA binding 12. Cryostat
sections of the dorsal hippocampus were used for
binding and for histological procedures in order to
compare, in the same sections, the distributions of
MF terminals and KA binding sites. The high affinity
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KA binding sites with a slow dissociation rate were
visualized using an autoradiographic technique fully
described elsewhere 3'12'15'16. In brief, the slices were
incubated with 20 nM vinylidene-[3H]KA (NEN, 60
Ci/mmol) in the presence (for non-specific binding)
or absence (for total binding) of an excess of 10 ~M
cold KA. After the incubation, the sections were
dried and exposed to [3HI-sensitive ultrofilms (LKB)
for 30 days, together with internal standards
(Amersham). Quantification of the binding sites was
performed using a computer-assisted image analyser
(Imanco Quantimet 720) relying on comparison with

the optical density of internal standards 12.
The early postnatal hyperthyroidism induced aberrant MF projections in 10 out the 11 cases studied. In
agreement with previous observations made in a different strain of rats 6, we found an aberrant infrapyramidal bundle of mossy fiber in C A 3 of A m m o n ' s
horn. Whereas only a few Timm-stained MF terminals were observed in this zone in the control rats
(Fig. 1A), the thyroxin-treated rats displayed a band
of Timm-stained terminals (Fig. 1B). In addition we
also found a dark band of Timm-positive material in
the supragranular layer of fascia dentata after thy-

Fig. 1. Photomicrographs illustrating the distribution of Timm-stained mossy fiber terminals in the hippocampal CA 3region and fascia
dentata (FD) of normal (A) and thyroxin-treated rats (B,C,D). Note in both groups the normal band of terminals in stratum lucidum
(Lu) and in the hilus (H). Stained terminals are rare in the infrapyramidal layer in C A 3 (single arrowheads) and in the supragranular
layer (sg, clear arrows) of fascia dentata in the control rats (A) but increase in number after thyroxin treatment (B). Boxed areas in B
are enlarged in C and D. p, C A 3 pyramidal cells; g, granule cell layer; O, stratum oriens of C A 3. Bars in A and B = 500 and 185/~m respectively.
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roxin treatment (Fig. 1B,C,D). In control rats, this
layer contained very few Timm-stained elements
(Fig. 1A), whereas it was intensely stained even in
the non-treated hooded rats used by Lauder and
Mugnaini 6'7. This normal, intense staining probably
explains why these authors did not observe an increased staining in this layer following the thyroxin
treatment.
The autoradiographs obtained from the same thyroxin-treated cases (n = 10) revealed that the densities of KA binding sites were significantly higher in
the areas with extended MF terminations than in the
corresponding areas in control cases (Fig. 2 and
Table I). The increased density was most prominent
in the infrapyramidal layer, where it was evident
even by direct examination of the autoradiographs.
The increase was more limited in the supragranular
layer of the fascia dentata where it was detected by
the computer-assisted quantification. In other hippocampal subfields (for instance the stratum lucidum,
see Table I), the densities of KA sites were similar in
the two groups (Table I). There was no enhancement
of KA binding in the experimental case in which early
hyperthyroidism failed to produce extensive MF projections (91, 44 and 45 fmol/mg tissue in the stratum
lucidum, infrapyramidal CA 3 layer and supragranular zone respectively). The distribution of the increased densities of KA sites correlate well with the

m.L

Fig. 2. Autoradiographs illustrating the distribution of high affinity KA binding sites in the hippocampus in control (A) and
thyroxin-treated rats (B). The distribution of the mossy fibers
in CA~ is schematicallyillustrated to the left in the figure. Note
in (B) the intense labelling in the CA3 infrapyramidal layer innervated by the mossy fibers in contrast to the weak labelling of
this layer in controls (A). Abbreviations: see Fig. 1.

TABLE I
Mean densities (in fmol/mg tissue) of KA binding sites in the CA 3
region and fascia dentata in control and thyroxin-treated cases
CA 3

Controls
(n = 6)
Thyroxine
(n = 10)

Fascia dentata

Stratum
lucidum

Infrapyramidal
layer

Supragranular
layer

90 + 5

34 + 4

44 + 1

92 + 6

68 + 5**

61 + 5*

*P < 0.05; **P < 0.01 (Student's t-test).

distribution of Timm-stained MF terminals.
It is known that early hyperthyroidism accelerates
development in brain regions with postnatal maturation, such as the cerebellum tl and hippocampus 6,7. In
the hippocampus of Wistar rats, it induces a permanent abnormal distribution of MF, not only in the infrapyramidal layer of CA 3 (also see refs. 6, 7), but
also in the supragranular layer of the fascia dentata.
The present observation that KA binding sites were
considerably increased in both these zones corresponding to the occurrence of Timm-stained MF terminals, strongly supports that the KA binding sites
are associated with the MF terminals. The exact preor postsynaptic localization of these binding sites is
unknown. However, recent lesion experiments indicate that KA sites are largely located presynaptically
on the MF t2. In this relation, it is also noteworthy
that the increased density of KA sites found in the supragranular layer following the thyroxin treatment
was similar to that found in earlier experiments in
which MF sprouting in this layer was induced by prior
hippocampal lesions t2.
It is clear that both the hyperthyroidism and the lesions only exaggerate an innervation by MF which
can be seen normally. There is thus consistent MF innervation in other strains of rats of the supragranular
(hooded rats) and the CA 3 infrapyramidal layer Is
(Sprague-Dawley rats). In the latter strain, we have
found that this innervation is also associated with the
presence of KA binding sites (unpublished observations).
Electrophysiological studies have shown that the
lesion-induced aberrant projection of supragranular
MF is functional and associated with increased excit-
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ability of the granule cells TM. if this effect is related to
the increased density of receptors for K A (or another
endogenous excitatory substance) which has been
found under these conditions 12, early hyperthyroidism should have a similar effect on the excitability of
the granule cells. E x p e r i m e n t s are in progress to test
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this hypothesis.

