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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 Ammon's  horn, corresponding to the ter- 
mination of the hippocampal mossy fibers (MF). Le- 
sion experiments recently performed in our laborato- 
ry 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 le- 
sion of entorhinal-commissural afferents 4,17 or de- 

struction 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 KA binding sites in the reinnervated 
zone 12. In keeping with the observations suggesting 
that KA binding sites play an important role in epi- 
leptogenesis 2, there is an increased excitability of the 
granular neurons following this aberrant innerva- 
tion 14. 

The distribution of the hippocampal MF, which de- 
velop 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 dem- 
onstration 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 ani- 
mals 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 slight- 
ly 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 aber- 

rant MF projections in 10 out the 11 cases studied. In 

agreement with previous observations made in a dif- 
ferent strain of rats 6, we found an aberrant infrapyra- 

midal bundle of mossy fiber in CA 3 of Ammon ' s  

horn. Whereas only a few Timm-stained MF termi- 

nals 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 3 region 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 re- 
spectively. 



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 in- 

creased staining in this layer following the thyroxin 
treatment. 

The autoradiographs obtained from the same thy- 
roxin-treated cases (n = 10) revealed that the den- 
sities 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 hippo- 
campal 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 pro- 
jections (91, 44 and 45 fmol/mg tissue in the stratum 
lucidum, infrapyramidal CA 3 layer and supragranu- 
lar zone respectively). The distribution of the in- 
creased densities of KA sites correlate well with the 

m.L 

Fig. 2. Autoradiographs illustrating the distribution of high af- 
finity KA binding sites in the hippocampus in control (A) and 
thyroxin-treated rats (B). The distribution of the mossy fibers 
in CA~ is schematically illustrated to the left in the figure. Note 
in (B) the intense labelling in the CA 3 infrapyramidal layer in- 
nervated by the mossy fibers in contrast to the weak labelling of 
this layer in controls (A). Abbreviations: see Fig. 1. 
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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 Fascia dentata 

Stratum Infra- Supra- 
lucidum pyramidal granular 

layer layer 

Controls 
(n = 6) 90 + 5 34 + 4 44 + 1 

Thyroxine 
(n = 10) 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 matura- 
tion, such as the cerebellum tl and hippocampus 6,7. In 

the hippocampus of Wistar rats, it induces a perma- 
nent abnormal distribution of MF, not only in the in- 

frapyramidal 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 corre- 
sponding to the occurrence of Timm-stained MF ter- 

minals, strongly supports that the KA binding sites 
are associated with the MF terminals. The exact pre- 
or postsynaptic localization of these binding sites is 
unknown. However, recent lesion experiments indi- 
cate 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 su- 

pragranular 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 le- 
sions only exaggerate an innervation by MF which 
can be seen normally. There is thus consistent MF in- 
nervation 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 observa- 
tions). 

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. i f  this effect is re la ted to 

the increased density of receptors  for K A  (or another  

endogenous excitatory substance) which has been 

found under  these condit ions 12, early hyper thyroid-  

ism should have a similar effect on the excitabili ty of 

the granule cells. Exper iments  are in progress to test 

this hypothesis.  

The authors are indebted  to Dr. A. Pompidou  and 

D. Schovaert  for the use of the image analyser  and to 

M. Beaudoin-Kais  and S. Guidasci  for histology and 

photographs  respectively.  

1 Amaral, D.G. and Dent, J.A., Development of the mossy 
fibers of the dentate gyrus. I. A light and electron micro- 
scopic study of the mossy fibers and their extensions, J. 
Comp. Neurol., 200 (1981) 57-86. 

2 Ben-Aft, Y., Limbic seizures and brain damage produced 
by kainic acid: mechanisms and relevance to the human 
temporal lobe epilepsy, Neuroscience, 14 (1985) 375-403. 

3 Berger, M. and Ben-Ari, Y., Autoradiographic visualiza- 
tion of [3H]kainic acid receptor subtypes in the rat hippo- 
campus, Neurosci. Lett., 39 (1983) 237-242. 

4 Frotscher, M. and Zimmer, J., Lesion induced mossy fibers 
to the molecular layer of the fascia dentata: identification of 
postsynaptic granule cells by the Golgi-EM technique, J. 
Comp. Neurol., 215 (1983) 299-311. 

5 Haug, F.M.S., A light microscopic study in the rat with 
Timm's sulphide silver method. Methodological consider- 
ations and cytological and regional staining patterns, Adv. 
Anat. Embryol. Cell. Biol., 47 (1973) 1-71. 

6 Lauder, J.M. and Mugnaini, E., Early hyperthyroidism al- 
ters the distribution of mossy fibers in the rat hippocampus, 
Nature (London), 268 (1977) 335-337. 

7 Lauder, J.M. and Mugnaini, E., Infrapyramidal mossy fi- 
bers in the hippocampus of the hyperthyroid rat. A light and 
electron microscopic study, Dev. Neurosci., 3 (1980) 
248-265. 

8 Laurberg, S. and Zimmer, J., Lesion-induced sprouting of 
hippocampal mossy fiber collaterals to the fascia dentata in 
developing and adult rats, J. Cornp. Neurol., 200 (1981) 
433-459. 

9 Olney, J.W., Rhee, V. and Ho, O.L., Kainic acid: a power- 
ful neurotoxic analogue of glutamate, Brain Research, 77 

(1974) 507-512. 
10 Nadler, J.V., Perry,B .W., Gentry, C. and Cotman, C.W., 

Loss and reacquisition of hippocampal synapses after selec- 
tive destruction of CA3-CA 4 afferents with kainic acid, 
Brain Research, 191 (1980) 387-403. 

11 Patel, A.J., Smith, R.M., Kingsbury, A.E., Hunt, A. and 
Balazs, R., Effects of thyroid state on brain development: 
muscarinic, acethylcholine and GABA receptors, Brain 
Research, 198 (1980) 389-402. 

12 Represa, A., Tremblay, E. and Ben-Aft, Y., Kainate bind- 
ing sites in the hippocampai mossy fibers: localization and 
plasticity, Neuroscience, 20 (1987) 739-748. 

13 Sloviter, R.S., A simplified Timm stain procedure compati- 
ble with formaldehyde fixation and routine paraffin embed- 
ding of rat brain, Brain Research, 8 (1982) 771-774. 

14 Tauck, D.L. and Nadler, J.V., Evidence for functional 
mossy fiber sprouting in hippocampal formation of kainic 
acid-treated rats, J. Neurosci., 5 (1985) 1016-1022. 

15 Tremblay, E., Represa, A. and Ben-Ari, Y., Autoradio- 
graphic localization of kainic acid binding sites in the human 
hippocampus, Brain Research, 343 (1985) 378-382. 

16 Unnerstall, J.R. and Wamsley, J.K., Autoradiographic 
localization of high affinity [3H]kainic acid binding sites in 
the rat forebrain, Eur. J. Pharmacol., 86 (1983) 361-371. 

17 West, J.R. and Dewey, S.L., Mossy fiber sprouting in the 
fascia dentata after entorhinal lesions: quantitative analysis 
using computer-assisted image processing, Neuroscience, 
13 (2) (1984) 377-384. 

18 West, J.R., Hodges, C.A. and Black Jr., A.C., Distal infra- 
pyramidal granule cell axons possess typical mossy fiber 
morphology, Brain Res. Bull., 6 (1981) 119-124. 


