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Development of high affinity kainate binding sites in human and rat hippocampi
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Autoradiographic localization of kainate binding sites has been determined in developing human and rat hippocampi. The results
suggest differences. In particular, a transient high density of sites occurs in the supragranular layer of the fascia dentata of the human
hippocampus.

It is now well established that there are several
classes of excitatory amino acids receptors in the hippocampus. One of these binds selectively to kainic
acid (KA), an excitatory analogue of glutamic acid 14.
Autoradiographic studies have shown that the highest density of KA binding sites is in the stratum lucidum of CA3 (refs. 3, 13, 23). Recent experiments suggest that these binding sites are partly located presynaptically on the mossy fibers which innervate this region (Represa et al., submitted). In both rats and primates, this region is highly vulnerable to the seizures
produced by KA 2 and is also frequently destroyed in
epileptic patients 12'17. Since the clinical manifestations of epilepsy in humans vary with age, we have recently studied the ontogenic effects of parenteral KA
in rats and found that the seizure-brain damage syndrome produced by the toxin varies during maturation 19,2°. Here, we have examined the maturation of
high affinity KA binding sites in human and rat hippocampi.
The hippocampi of the human adults (n = 5), infant (n = 1) and abortive foetuses (n = 3) used in this
study were obtained from brains considered as normal by neuropathologists. The post-mortem delays
were less than 24 h in all cases; a previous study has
shown'that the density of KA binding sites, as assessed by quantitative autoradiography, is not re-

duced with delays up to 48 h post-mortem 21. Male
Wistar rats were sacrified 4 days postnatally (P4, n =
3), 14 days (P14, n = 3) or 2 months (adults, n = 3)
after birth and their brains immediately frozen. Hippocampal sections (30 pm) were cut with a cryostat(-15 °C). Specific KA binding sites were determined
by qualitative and quantitative autoradiography, according to a previously described technique (ibid).
Briefly, this includes incubation with 20 nM of Vinylidene-[3H]KA; this newly available radiolabeled KA
with a high specific activity (NEN, 60 Ci/mmol) has
been shown to give results similar as those obtained
with [3H]KA21. The incubation was performed with
(for non-specific binding) or without 10/tM cold KA.
After the binding experiment, the sections were exposed to tritium-sensitive LKB ultrofilms simultaneously with internal standards prepared from adult
rat brain according to Unnerstall et al. 22 and quantifications of the KA labeling in autoradiographs were
performed with a computer-assisted image analyser.
In rats, in agreement with an earlier study 4, we
found that the density of binding sites for KA in hippocampus increases after birth (see Fig. 2 and Table
I). At P4, the density of the sites is poor and homogeneously distributed. Notably, there is not, at this
stage, a significant difference between stratum lucidum and the supragranular layer of the fascia denta-
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Fig. 1. A: Nissl's stain to illustrate the presence of lamination in human hippocampi in a 25-week-old foetus and a newborn infant; B:
schematic representation of the distribution of the KA labeling (dotted area); note that the entire molecular layer of the fascia dentata
(indicated between arrows), is labeled at these stages. O, P, Lu, Ra, ml: strata oriens, pyramidale, lucidum, radiatum and lacunosum
moleculare of the Ammon's horn; ml, g, and pl: molecular, granular and polymorph layers of the fascia dentata. The arrows indicate
the limits of the molecular layer.
ta. It increases later, first in the stratum lucidum,
then in the fascia dentata. Even at P14, the adult level is not reached (see Fig. 2 and Table I). This observation, as well as our earlier ontogenetic study 4'19'2°,
suggests that the occurrence of the K A binding sites
in the hippocampus parallels the maturation of the
mossy fibers 25.
Histological examination of a 21-week-old human
foetus indicates that the various hippocampal subfields are differentiated but the cells are distributed
throughout the layers (Fig. 1A). In later stages
(24-25 weeks), the lamination normally seen in the

adults is visible, in agreement with earlier studies s.
The autoradiographs obtained at these stages revealed that the distribution of hippocampal K A binding sites in the 21-week-old foetus resembles that
found in rats at P4 in that it is homogeneously distributed. In contrast, at a later stage (24-25-week-old
foetuses and newborn), a heterogeneous distribution
was found with high labeling in the stratum lucidum
and the granular region (Figs. 1B and 2). The former
labeling corresponds to the region of innervation of
the mossy fibers. To better determine the exact localization of K A sites in the latter region, we have su-
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Fig. 2. Autoradiographs to illustrate the maturation of KA binding sites in the human and rat hippocampi. The time of exposure of the
sections on tritium-sensitive ultrofilm (LKB), permitting a good resolution of the images, were chosen as follows: 4 weeks for human
cases, and 7, 5 and 3 weeks for rats at P4, P14 and adults respectively. Lu, stratum lucidum. Arrows: see legend Fig. 1.

p e r p o s e d the a u t o r a d i o g r a p h s on the stained sections

the m o l e c u l a r layer (i.e. the s u p r a g r a n u l a r z o n e ) .

f r o m which t h e y w e r e o b t a i n e d . This p r o c e d u r e re-

This transient p h a s e of e n h a n c e d labeling (see also

v e a l e d that the labeling c o r r e s p o n d s to the entire

T a b l e I) has not b e e n o b s e r v e d in rats, e v e n at o t h e r

m o l e c u l a r layer of the fascia d e n t a t a (i.e. b e t w e e n

p o s t n a t a l delays not m e n t i o n e d in T a b l e I or Fig. 2

the arrows in the figures), and n o t to the g r a n u l a r lay-

(P0, P2, P6, P8, P10). T a b l e I also shows that in b o t h

er itself. F u r t h e r m o r e , in adult h u m a n h i p p o c a m p i ,

h u m a n and rat h i p p o c a m p i , the density of sites is not

only a small b a n d of e n h a n c e d labeling r e m a i n s (Fig.

a l t e r e d in the s t r a t u m r a d i a t u m , in spite of the well-

2 and ref. 21); this c o r r e s p o n d s to t h e i n n e r part of

k n o w n c o n s i d e r a b l e p o s t n a t a l d e v e l o p m e n t of fibers.

TABLE I
Concentration of KA binding sites (in fmol/mg protein) in the developing human and rat hippocampi
For each case, at least 6 separate sections were quantified. The standard errors were obtained from individual values for individual
cases and mean values for grouped cases. F, foetus; Lu, stratum lucidum; Ra, stratum radiatum; sg, supragranular layer of the fascia
dentata.
Age

Humans

F (21 weeks)
F(24weeks)
F (25 weeks)
Newborn
Adults (57-64 year old)

Rats

P4
P14
Adults

Post-mortem delay (in h)

n

KA binding sites (fmol/mg protein)
Lu

Ra

sg

< 12
<12
<12
21
5-22

1
1
1
1
5

70 + 10
57 + 12
79 + 14
112 + 6
82 +_ 7

44 + 8
64 +_ 12
77 + 7
51 + 10
45 + 10

68 + 8
86 + 5
86 + 5
100 +_ 7
50 _+ 4

0
0
0

4
3
3

79 +_ 12
147 + 16
325 + 42

80 +_ 12
65 + 10
84 +_ 18

87 + 12
88 + 6
133 + 23
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This observation, as well as the fact that the major alterations occur in association with the development
of the unmyelinated mossy fibers, suggests that the
observed changes in K A sites are not explicable by
increased quenching of the tissue 1°.
The main observation made in this study is that in
the human, there is an earlier occurrence of K A sites
in the fascia dentata than in CA3, and that during development, there is a transient phase of enhanced
K A labeling in the stratum lucidum and the molecular layer of the fascia dentata. This phenomenon,
which might be correlated with a transient innervation is not unique since, in globus pallidus, a glutamatergic innervation transiently exists in rats and humans during development 7. A similar downward
trend was reported for glutamate receptors in the rat
hippocampus 1 and for muscarinic receptors in human
cortex 9. Also, experiments performed with rats have
shown that the mossy fibers have a great ability to
form synaptic rearrangements in the supragranular
zone: this occurs in various experimental conditions
including hippocampal lesions or deafferentation 11,

intracerebral grafts of neurons 5'16, slices cultured
with the roller technique 24 and lesions with K A of the
pyramidal neurons of C A 3 (ref. 15). In the latter condition, there is also an enhanced excitability of the
granular neurons 18, and we have recently found that
this is associated with a concomittant increased density of K A binding sites (Represa et al., submitted).
It is possible that the transient KA-like innervation
occurring in human during development is related to
a transient innervation of the mossy fibers. Whatever
the exact mechanism, these observations suggest that
K A binding sites may be particularly involved in plastic changes which occur during maturation and in a
variety of experimental or pathological conditions,
for example in Alzheimer's disease 6.
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