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Selective Destruction of Mossy Fibers and
Granule Cells With Preservation of the
GABAergic Network in the Inferior Region
of the Rat Hippocampus After
Colchicine Treatment
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INSERM U-29, HGpital Saint Vincent de Paul, 75014 Paris, France

ABSTRACT
Lesions induced by colchicine injection into the rat hippocampus were
investigated by means of electron microscopy and GABA immunocytochemistry. Granule cells were nearly completely destroyed 3 days after colchicine
injection; since the necrosis of their axonal endings was delayed, an anterograde degeneration of the mossy fibers had probably taken place. The selectivity of the lesions was not limited to granule cells, for some pyramidal neurons
in CAI pyramidal layer were damaged. It was, however, striking to observe
that throughout the hippocampal structure GABAergic neurons were spared
from the effects of colchicine. For instance, GABAergic neurons were found in
the vicinity of the completely destroyed granule cell layer. GABAergic neurons
and terminals were also present in the CA3 region where the GABA-containing terminals formed a dense network of synapses with somata and dendrites
of pyramidal cells. It was interesting to note that, consistent with previous
studies, the GABAergic neurons in CA3 are innervated by mossy fibers.
We conclude that after colchicine treatment the destruction of the granule cells was not associated with a lesion of the GABAergic network. This
selective lesion provides a useful model with which to study the properties of
CA3 neurons deprived of their major excitatory input but with an intact inhibitory network.
Key words: GABA, immunocytochemistry, synaptogenesis

The action of colchicine in blocking mitosis (Robbins and
Gonatas, '64) and axoplasmic transport (Sjostrand et al.,
'70; Karlson et al., '71) has been extensively studied (Hanson and Edstrom, '78). The blockade of axonal transport is
due to colchicine binding to tubulin, a subunit of microtubules (Borisy and Taylor, '67). More recently, the neurotoxicity of colchicine in the central nervous system has been
investigated. Thus, Goldschmidt and Steward ('80; '82)
have shown a high susceptibility of granule cells in the hippocampus to colchicine-induced lesions. Although such a
phenomenon may be a consequence of the disruption of
microtubules due to binding of colchicine to tubulin, it cannot explain the preferential lesions of specific neuronal populations (Steward et al., '84).
Regardless of the precise mechanism for this selective
neurotoxicity, the model of colchicine injection into the hippocampus has been applied to behavioral, pharmacological,
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and physiological studies in order to analyse the consequence of granule cell loss (Nadler and Cuthbertson '80;
Toga and Lothman, '83; Sutherland et al., '83; Walsh et al.,
'86; Monmaur and Thomson, '86; de Montigny et al., '87;
Nakagawa et al., '87; Represa et al., '87; Tilson et al., '87).
There is, however, a need for further studies concerning the
selectivity of granule cell destruction. In particular, ultrastructural and immunocytochemical studies have not been
performed to illustrate in detail the effects of colchicine
treatment in the hippocampus. In the present study, we
sought to address these issues by using several experimental
approaches to evaluate the effects of colchicine on hippocampal granule cells, pyramidal neurons, and the GABAergic neurons in the inferior region of the rat hippocampus.
Accepted February 1,1989.
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Fig. 1. Density of granular cells in the dentate gyrus (D.G.) and of pyramidal neurons in CAI and CA3
region 8 days after colchicine injection, compared to the controlateral control side. Asterisk indicates a statistically significant difference ( P < ,005, ANOVA test).

We have analyzed the lesions after a short survival time,
before the process of axonal sprouting and reactive synaptogenesis has become significant (Parnavelas et al., '74; Steward et al., '74; Cotman et al., '81; Steward and Vinsant,
'83).

MATERIALS AND METHODS

Animals
This study used 36 adult Wistar rats weighing 180-200 g.
They were all bred in this laboratory and maintained under
standard conditions.

Injections
For lesion experiments, animals were anesthetized with
Equithesin (Jansen Salsbury; 3 ml/kg) and positioned in a

stereotaxic apparatus. A sagittal incision was made in the
scalp and two holes were drilled through the skull for placement of the injection cannula into the dentate gyrus. On the
basis of the atlas of Albe-Fessard et al. ('71), two injections
of colchicine were delivered into the right hemisphere. The
first was given rostrally: 5.4 mm anterior to lambda, 1.3 mm
lateral to the sagittal suture, and 7.0 mm below the interaural line. The second injection was made caudally: 2.9 mm
anterior to lambda, 3.3 mm lateral, and 6.4 mm below the
interaural line. Colchicine solution (1.8 pg/0.45 pl) was
slowly infused (18-20 minutes). The left hemisphere was
used as a control.
On either day 3 or day 8 after colchicine treatment, animals were deeply anesthetized with Nembutal and perfused
via an aortic cannula. Different types of solutions were
used.
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Figure 2
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Fig. 3. Photomicrographs illustrating selective destruction of the
granule cells and dark degeneration of the mossy fiber terminals. A Coronal section at the midtemporal level of left control side, cresyl violet
stain. x250. Note the normal aspect of the fascia dentata (FD) and of
the polymorphic layer (PL). B Right side (8 days after colchicine injection). Several neurons are present in the polymorphic layer (arrows)

beneath completely degenerated granule cells cresyl violet stain x 250 C:
Pyramidal layer of the CA3 area 8 days after colchicine. Semithin section, Toluidine blue stain. x950. Many dark spots corresponding to
degenerating mossy fiber boutons are visible along the proximal part of
the dendrite. Note the normal aspects of pyramidal perikarya and dendrites. Arrow points to an astroglial nucleus.

Fig. 2. Changes in granule cells and mossy fibers 8 days after unilateral injection of colchicine into the right hemisphere. A and B are from
same rat, C and D from a different animal. A Coronal section of left
hippocampus at midtemporal level; cresyl violet stain. x30. Normal
aspect. B: Right hippocampus: General reduction in size is evident and
the destruction of fascia dentata is complete. Gliosis, shown by increase

stratum radiatum (sr).Pyramidal layer of CA3 area (CA3) appears to be
normal cresyl violet stain x30 C: Coronal section of left hippocampus,
Timm stain. x30. Normal aspect. D Right hippocampus, Timm stain.
x30. Disappearance of the dark staining in the hilus and in the stratum
lucidum.

0. ROBAIN ET AL.

278

Fig. 4. Selective destruction of granule cells 8 days after colchicine.
A The normal aspect of the hilus (h) contrasts with the destruction of
the fascia dentata (fd). Note the vacuolization and gliosis in the molecular layer (ml). Semithin section, toluidine blue stain. x86. B: A typical

basket cell with infolded nucleus and a large perikaryon (arrow) is visible in the vicinity of glial cells and dark debris of granule cells. Semithin
section, toluidine blue stain. x 105.

Histological processing

cell numbers existed between lesioned and control sides, an
analysis of variance was performed with a one-way ANOVA
test.

Light microscopy. Six animals were perfused with
4 % paraformaldehyde dissolved in 0.15 M phosphate buffer
(pH 7.4). Brains were removed and kept in the same solution
for 3 days and then embedded in paraffin. Coronal sections
(7.5 pm) were serially cut and stained with cresyl violet. Six
rats were perfused with 4% sulphide; their brains were
removed and kept in 10% formalin for 2 days; then 20 pmthick coronal sections were cut with a freezing microtome
and stained with the Timm sulphide silver method (Haug,
’73).
Electron microscopy. Six rats were perfused with a
modified Karnovsky solution (1% paraformaldehyde, 1%
glutaraldehyde in 0.15 M phosphate buffer at pH 7.4).
Brains were removed and kept overnight in the same solution. The following day, hippocampal formations were dissected and cut into slices 1mm thick. The midtemporal part
was sectioned coronally and the posterior temporal part was
sectioned horizontally. Three coronal slices and three horizontal slices in each hippocampus were osmicated, “en bloc”
stained with uranyl acetate, and embedded in Araldite.
Semithin sections (1pm thick) were cut from all the slices,
and thin sections were cut from two selected areas: the fascia
dentata and the CA3 pyramidal layer with the adjacent
stratum lucidum. After staining with lead citrate and uranyl
acetate the sections were examined with a Siemens Elmiskop 2.

Quantitative measurements
Eight days after colchicine injection, the cresyl-violetstained neurons displaying a nucleolus were counted in CAI
and CA3 pyramidal and dentate granule cell layers by light
microscopic examination. Counts were performed in 12 separate coronal sections from the septa1 to the temporal poles
of the hippocampus. CA1 and CA3 pyramidal cells and
granule cells were always counted in the same location as
indicated in Figure 1.The number of cells per 0.2 mm2 area
was expressed as number of cells per square millimeter. To
determine whether statistically significant differences in

Immunocytochemistry
Immunocytochemical studies were performed in 18 rats.
We used a specific and sensitive antibody (Immunotech,
Marseille, France) which has already been described (Seguela et al., ’84).
For this purpose, light microscopic work relied on a postembedding technique as follows. Rats were perfused with
3% glutaraldehyde in 0.1 M cacodylate buffer (pH 7.6).
Hippocampal horizontal and coronal slices were embedded
in Araldite and cut at a thickness of 0.5 pm. After removal of
Araldite for 30 to 60 minutes with sodium methylate, endogenous peroxidase was blocked with a mixture of 20 % methanol and 0.5 % hydrogen peroxidase. Sections were washed in
0.1 M Tris buffer (pH 7.6) and exposed to 0.5% Triton X100 for 15 minutes prior to overnight incubation a t room
temperature with the GABA antibody solution (1/2,000
dilution). The next morning, the sections were rinsed 3 x 10
minutes in 0.1 Tris buffer, pH 7.6. A goat antirabbit IGg
fraction (Nordic) was used as a second antibody a t a concentration of 1/200 for 3 hours. Following the same rinsing procedure as indicated above, the slides were exposed to peroxidase-antiperoxidase (Nordic) at 1/600 dilution for 1 hour.
The sections were again rinsed and exposed to diaminobenzidine (DAB Sigma) 1/4,000 in 0.1 M Tris buffer containing
0.5% H,02 for 20 minutes. The reaction specificity was
checked with two procedures. In one case, the primary antibody was omitted; in the other case, it was replaced by a
serum which had been incubated with GABA. in both cases
there was no selective staining of neurones.
For electron microscopic studies, a preembedding technique was used. Rats were perfused with modified Karnovsky solution; hippocampal coronal and horizontal sections (50 pm thick) were cut in 0.15 M phosphate buffer (pH
7.6) with an Oxford Vibratome. GABA immunoreactivity
was detected as previously described with the same anti-
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body solution at 1/2,000 dilution, but Triton X-100 permeabilization was omitted to avoid membrane alteration at the
ultrastructural level.
After developing the sections with diaminobenzidine they
were osmicated (1% ) for 1 hour and “en bloc“ stained with
uranyl acetate. After flat embedding in Araldite, thin sections of selected areas of the fascia dentata, the CA3 pyramidal layer, and the adjacent stratum lucidum were cut. They
were put on grids (300 mesh), stained with lead citrate for 20
minutes, and examined by electron microscopy.

RESULTS
Quantitative measurements of the overall
effects of colchicine
In agreement with earlier studies (Goldschmidt and Steward, ‘80, ’82; McGinty et al., ’83; Steward et al., ’84, Walsh
et al., ‘86; Tilson et al., ’87), we observed that colchicine
destroyed the granular neurons of the fascia dentata. Figure
1 shows that 8 days after colchicine injection, virtually all
granule cells were destroyed. A significant percentage
(38%)of pyramidal neurons in the regio superior (CAI) also
disappeared. In contrast, there was no significant loss of the
pyramidal cells in the CA3 area. Analysis of variance showed
that the destruction of granule cells and CA1 pyramidal
neurons was highly significant ( P < .0001) but there was no
decrease in the number of CA3 pyramidal neurons
( P > 25).

Morphological characteristics
of granule cell destruction
Three days after colchicine injection light microscopic
examination of the fascia dentata showed a clear destruction of the granular layer. The majority of the neurons had
disappeared; the few neurons which could still be identified
were pale with a watery cytoplasm. The majority of the cells
occupying the area of the granular layer were microglia
often engulfing small basophilic debris. Round dark bodies
and astroglial nuclei were also visible in this area. The outer
molecular layer of both dorsal and ventral segments was
reduced in thickness. Lipid-laden phagocytes were present
around the small vessels. In contrast, the hilar region was
less affected, except in two small areas corresponding to the
site of colchicine injection. Eight days after colchicine injection, granule cells were almost completely destroyed (Figs.
1,2A,B), and the amount of dark debris and number of pyknotic nuclei were reduced. The granular layer was mainly
composed of a strip of microglia intermingled with a few
granule cells and astrocytes.
In the molecular layer there was a striking gliosis consisting of reactive astroglia with a large eosinophilic cytoplasm.
The hilar region itself was far less infiltrated by glial cells
than the molecular layer (Fig. 4A). Beneath the granular
layer many large neurons (15-20 pm in diameter) with an
abundant perikaryon were present (Fig. 3A,B). Careful examination of semithin sections showed that these cells possessed infolded nuclei (Fig. 4B); these features are typical of
basket cells (Ribak and Seress, ’83).

Mossy fiber degeneration
As shown in Figure 2C and D, Timm staining demonstrated a considerable destruction of the mossy fibers: a
complete loss of the dark zinc deposits was apparent both in
the hilus and in the stratum lucidum of the CA3 region.
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Degenerating axonal endings were recognized by analysing toluidine-blue-stained semithin sections. Figure 3
displays the localization of the degenerating mossy fiber
terminals in the inferior region. On day 3 after colchicine
injection, a narrow strip corresponding to the stratum lucidum exhibited small vacuoles (5-20 pm diam.), as well as
smaller round dark spots (3-6 pm diam). Eight days after
colchicine injection these dark spots, which corresponded to
degenerated axonal endings, were numerous. They were
located along the proximal part of the apical dendrites of
CA3 pyramidal neurons and also interposed between the
somata of these neurons (Fig. 3C).
In the hilar region the dark degenerated terminals seemed
to be scattered along the supra- and infrapyramidal dendrites. It was occasionally possible to identify degenerating
boutons, touching the dendrites of neurons morphologically
similar to basket cells. The proliferation of astroglial and
microglial cells in the stratum lucidum and in the hilus was
less extensive than in the molecular layer.
The following observations of degenerating mossy fibers
were made at the electron microscopic level.
Three days after colchicine injection, the large majority
of mossy fiber terminals was altered. The most frequent
alteration was clumping of synaptic vesicles. These organelles, sometimes enlarged, sometimes shrunken, tended
to aggregate, while the background matrix became increasingly dark. In synaptic boutons exhibiting the early phase of
“dark degeneration” (Fifkova, ’75), the mitochondria were
either normal in appearance or shrunken but still identifiable. Bouton attachment to the postsynaptic site was preserved, the postsynaptic thickening seemed normal, and the
typical excrescences remained clearly visible (Amaral and
Dent, ’81). In spite of these alterations, the electron microscopic appearance of these boutons was still recognizable
and exhibited the classical pattern described by Hamlyn
(’62), Blackstad and Kjaerheim (’61), and Amaral and Dent
(’81). It consisted of giant boutons (up to 6 pm diam) filled
with clear synaptic vesicles and a few dense core vesicles.
(Compare Fig. 5A, which shows normal mossy fiber bouton,
with Fig. 5B, showing a mossy fiber bouton 3 days after colchicine injection.) The clear type of terminal degeneration,
with swelling of the boutons and lysis of the majority of
synaptic vesicles and mitochondria, was less often observed.
Eight days after colchicine injection the “dark degeneration” did not disappear and was still the most frequently
encountered (Fig. 5D): a t this stage, the vesicles and the
mitochondria were identified with difficulty while the darkness of the matrix was more marked. Degenerating boutons
usually remained in contact with dendritic spines and the
pattern of the postsynaptic thickness and dendritic spine
profiles seemed normal (Fig. 5C). In some cases glial processes were interposed between the degenerating mossy
fibers and the spines (Fig. 5D). Elsewhere, the degenerating
boutons were attached to a postsynaptic density but without a recognizable spine. Other degenerating boutons were
surrounded by a swollen astrocytic process containing glial
filaments and some glycogen granules, but with no identifiable postsynaptic structure.
Vacuoles that contained curled-up membranes were located close to the primary dendritic trunks. These vacuoles
had usually lost any obvious relationship with a postsynaptic structure and were often difficult to identify; occasionally a few synaptic vesicles were seen inside these vacuoles,
which were thus identified as degenerating boutons.
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Occasionally, we observed a notch in the dendrite in front
of the vacuole (Fig. 5D); this suggested that a portion of the
postsynaptic spine had degenerated together with the axon
terminal. Some astrocytic processes containing bundles of
glial filaments surrounding the degenerated boutons could
be seen. Many microglial cells with processes located along
the large primary dendrites of pyramidal neurons were also
visible.

CA3 and CAI
The pyramidal layer of the inferior region (CA3 area) was
largely spared. In semithin sections, the pyramidal neurons
had a normal aspect: perikarya with Nissl bodies and dendrites containing many mitochondria could be observed
(Fig. 3C). Electron microscopic examination showed that
the proximal dendrite of pyramidal neurons maintained
their normal structure and that many thorny excrescences
were still visible (Fig. 6A). The distal part of the dendrites
was normal with no modification in the density or shape of
the spines; the synaptic boutons were also similar to those
seen in the contralateral side (Fig. 6B).
Although not investigated in detail, there was in the
superior region a 38 % reduction in the number of pyramidal
cells. The remaining cells were frequently shrunken. A pronounced gliosis was present in both the stratum oriens and
the stratum lucidum.

GAJ3Aergic network
We studied the presence and morphological characteristics of GABA neurons in the polymorphic layer and in the
CA3 stratum lucidum, which are close to granule cell bodies
and the mossy fiber endings, respectively. Light microscopy
revealed that in the polymorphic layer the large majority of
the neurons were GABA immunoreactive (Fig. 7C,E). Some
of these neurons were spindle-shaped with their cell body
oriented in a horizontal plane; others were round or pyramidal. Intact GABAergic neurons were often seen in the vicinity of a completely destroyed granule cell layer (Fig. 7C). In
the CA3 area, large GABAergic somata were present in the
pyramidal layer sandwiched between larger pyramidal cells
or scattered in the stratum lucidum. GABA-positive puncta
were visible around the somata of pyramidal neurons (Fig.
7B,D). It is worth noting that, with light microscopy, it is
often difficult to distinguish the puncta corresponding to
GABAergic boutons from sectioned processes present
around the pyramidal neurons (Fig. 8A,B,D).

Fig. 5. Time course of pathological alterations in mossy fiber terminals after colchicine injection. A Control adult rat. x 24,000. A normal
mossy fiber bouton containing many clear round vesicles and a few
dense core vesicles (arrows) makes synapses with several thorny excrescences. B Three days after colchicine injection. ~24,000.There is a
clumping of synaptic vesicles. The mitochondria as well as the postsynaptic apparatus are normal. C Eight days after colchicine injection.
x 24,000. Dark degeneration of synaptic bouton. The postsynaptic thickening and the thorny excrescences are present and normal in shape. D
Eight days after colchicine injection. x 24,000. A dark degenerated bouton is surrounded by a glial filament bundle (arrow). This bouton contacts two spines (arrowhead). A small intact bouton (double arrow) contacting the dendritic shaft is visible (double arrow). Note the clear
vacuole located along the apical dendrite of a CA3 pyramidal neuron.
This vacuole is without any contact with a postsynaptic structure.

In the stratum lucidum, a diffuse band of GABA labelling
was observed (Fig. 7A). Closer examination showed many
labelled processes totally embedded between the apical dendrites of the pyramidal neurons. GABA immunoreactivity
was more marked in the stratum lucidum than in the outer
part of the stratum radiatum both in normal and in colchicine-injected hippocampi (Fig. 7B-D). Immuno-electron
microscopic examination was centered on the CA3 region
since the particularly severe damage of the molecular layer
and of the fascia dentata precluded the identification of the
elements connected to GABA-positive processes. A dense
network of GABA immunoreactive processes was present in
the CA3 pyramidal region of both normal and colchicineinjected rats.
GABAergic boutons establishing symmetric synapses
with neuronal perikarya (Fig. 8B) and dendritic shafts (Fig.
8C) were conspicuous, but GABAergic dendritic processes
also appeared in cross sections in the vicinity of neuronal
perikarya (Fig. 8D). Many GABAergic boutons established
symmetrical contacts with the dendritic shafts of pyramidal
neurons in the stratum lucidum. Small GABAergic dendrites (Fig. 9A) and GABAergic axons with a thin myelinated sheath (Fig. 9B) appeared in cross sections along the
large apical dendrite of CA3 pyramidal neurons. A degenerating mossy fiber ending in contact with a GABA-immunoreactive perikarya was occasionally present (Fig. 9C).

DISCUSSION
The major results of the present study showed the effects
of colchicine injection on hippocampal granule cells, mossy
fibers, and GABAergic neurons. The granule cell destruction was nearly complete 3 days after colchicine injection,
but necrosis of mossy fiber boutons, particularly in the temporal region, was completed only 8 days after colchicine
injection. These observations suggest an initial lesion of the
granule cell bodies and a subsequent anterograde degeneration of the mossy fibers.
This series of events was presumably a consequence of the
primary action of colchicine in blocking axonal transport,
which in turn resulted in accumulation of enzymes and organelles (normally transported down to nerve terminals) in
cell bodies and proximal dendrites (Steward et al., '84). Subsequently, a paradoxical translocation of lysosomes from the
soma to the dendrites may have occurred (Gorenstein et al.,
'85). Perhaps toxic compounds such as zinc or zinc-related
products, which are particularly abundant in the mossy
fibers (Haug, '73; Aniksztejn et al., '87), accumulated in
large amounts in granule cell bodies. This accumulation
might eventually have induced the selective lesion of granule cell bodies and subsequently an anterograde degeneration of mossy fibers. With 8 days survival time, phagocytosis
of axon terminals by glial processes was similar to the classical anterograde axonal degeneration seen after primary
deafferentation (Gentschew and Sotelo, '73; O'Neal and
Westrum, '73; Fifkova, '75).
Although our data are consistent with those of GoldSchmidt and Steward ('80, '82) in indicating a severe loss of
granule cells after colchicine application, we differ on the
interpretation of the type of axonal degeneration. Whereas
Steward et al., ('84) suggested a retrograde type of degeneration following their observation of early changes in granule
cell axons in the hilus, our results indicate an anterograde
type.

Figure 6
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Fig. 7. Intact GABA-immunoreactive neural elements remain in the
hippocampus after colchicine treatment and granule cell destruction. AC are from the colchicine-injected hippocampus. D and E are from a
control hippocampus. A Immunohistochemical visualization of
GABAergic neurons in the lesioned side. x25. Many GABA-positive
neurons are present in the polymorphic layer. Notice the zone of higher
immunostaining in the stratum lucidum (arrows). B: CA3 region. x500.
Several immunoreactive puncta are present around the pyramidal cell

bodies and their dendrites. C Polymorphic layer (magnified picture of
the box shown in A). x500. Several GABA-positive neurons are present
beneath the completely destroyed granular layer. D: CA3 region. x500.
In a control hippocampus, the distribution of GABAergic puncta around
the cell bodies and the dendrites is similar to that observed in panel B.
E: In the control fascia dentata, polymorphic neurons are present
beneath the normal granular layer.

Fig. 6. Selective destruction of mossy fiber terminals 8 days after
colchicine injection. A and B correspond to the boxed regions in the diagram shown at the top of the figure. A Proximal part of CA3 pyramidal
dendrite. x 10,000. Note the dark degenerated mossy fiber boutons
which are in contact with the thorny excrescences. The postsynaptic

thickening (arrowhead) is well preserved. Notice small intact synaptic
boutons containing flattened vesicles along the dendritic shaft (arrows)
and boutons abutting on small intact spines (double arrows). B In the
distal dendrites, note normal pattern with many intact synaptic boutons
in contact with small spines (arrows). x 10,000.

Fig. 8. Intact GABA-positive structures in the pyramidal layer
(CA3) 8 days after colchicine injection. A Pyramidal neuron surrounded by many GABAergic processes. x 5,000. B Axosomatic
synapse. x 37,500. C: Two axodendritic synapses. x 45,000. D GABA-

immunoreactive dendritic process touching a pyramidal cell body (P). A
nonimmunoreactive asymmetric synapse (S) contacts this dendrite.
~30,000.
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Fig. 9. Intact GABA-positive structures in the stratum lucidum 8
days after colchicine injection. A I n the vicinity of a proximal dendrite
of a CA3 pyramidal neuron (d) several GABAergic structures are visible
including GABAergic boutons (single arrows) and a GABAergic dendrite making asymetric synapse with a nonimmunoreactive bouton
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(double arrow). ~10,000.
B: A small GABAergic myelinated fiber (arrowhead) and three GABAergic boutons (arrows) are visible; note that
two of these boutons contact the dendritic shaft of a CA3 pyramidal
neuron (d). x 12,000. C: A degenerating mossy fiber contacts two GABApositive structures. x 12,000.
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This discrepancy may be due to the difficulty in accurately assessing the effects of colchicine in the area, such as
the hilus, immediately adjacent to the injection site, in view
of the rather high local concentration of the drug. A distinct
problem in interpreting colchicine experiments may arise
from the drug spreading along the needle track. This phenomenon may then induce localized damage to some neuronal populations of an apparently normal cell layer. An
example can be found in the superior region of the CA1 subfield where the number of pyramidal neurons was decreased
after colchicine injection while in the CA3 inferior region,
pyramidal cells and their dendrites were seemingly unaffected. Hence, care should be exerted in analyzing behavioral and physiological results following colchicine injections into hippocampal areas since lesions may be affecting
cell populations not suspected of being the prime target of
colchicine.
After application of colchicine, GABAergic structures did
not appear to be reduced and their distribution was similar
to that described in the normal rat by Anderson e t al. ('86),
Gamrani et al. ('86), and Sloviter and Nilaver ('87). The
striking band of high labelling with GABA antibody observed by Woodson et al. ('89) in the stratum lucidum of
normal rats was still present in our experiments after colchicine injection. The persistence of this immunoreactivity
after mossy fiber destruction indicates that it was not an
artefact due to a nonspecific uptake by the mossy fibers. Our
electron microscopic study with anti-GABA antibodies provided details on the GABAergic neuronal organization in
the CA3 region. GABA terminals were in contact with the
somata of pyramidal neurons and dendritic shafts. Previous
report showed that nearly the whole surface of the apical
dendrites of pyramidal neurones was studded with mossy
fiber terminals (Tombol et al., '78). The present study
showed that part of the dendritic surface of CA3 neurones in
stratum lucidum was also innervated by GABAergic terminals. Within the stratum lucidum, GABAergic neurones
were contacted by asymmetric synapses on their somata and
dendrites. Among these presynaptic elements, some were
degenerating axon terminals corresponding to mossy fiber
collaterals. The present results are consistent with earlier
findings of Frotscher et al. ('85) suggesting that mossy fibers
provide input to GABAergic neurons in CA3.
In conclusion, following colchicine application, in spite of
a complete destruction of the granule cells and their mossy
fibers, the hippocampal GABA network was well preserved,
particularly in the CA3 pyramidal layer and in the stratum
lucidum. Hence the colchicine-treated hippocampus is interesting for studying the properties of CA3 neurons in the
unusual condition of a lack of excitatory input (via mossy
fibers) and presence of well-preserved GABAergic inhibitory input.
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