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GABAERGIC
NEURONS OF THE HIPPOCAMPUS:
DEVELOPMENT
IN HOMOTOPIC GRAFTS AND
IN DISSOCIATED CELL CULTURES
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Abstract-The hippocampus taken from El&E19 rat embryos was dissociated into a cell suspension and
was either grafted into the hippocampus of adult rats or cultured. The growth of GABAergic neurons
was examined using a GABA directed antiserum.
The implanted tissue was capable of survival and growth without exhibiting a laminar organization.
Most of the various morphological neuronal types could be observed, establishing different types of
synapses; however, granule neurons were rarely encountered. A substantial proportion of GABA-positive
neurons was detected within the graft with profuse labelling of the neuropil. In cultures issued from the
same cell suspension, GABA-immunoreactive neurons were numerous and had different morphologies.
Altogether these data suggest that GABA neurons express a high potential for growth and sprouting
in vitro and in vivo.

During the past few years intracerebral grafts have
enabled investigation of the capacity of neurons to
regenerate and to restore functional connections with
the host.‘0*24,M.42
Transplantation
of nervous tissue
taken from a given embryonic brain area also provides a useful method for the study of the survival,
growth and differentiation of the grafted neurons.24
In this respect dissociated neurons can survive when
grafted into an adult brain recipient and can establish
reciprocal relationships
with the host environment.’ 1.14.35

the same time we have cultured the same cell suspension in order to analyse its neuronal composition,
in particular the growth of GABA neurons.
EXPERIMENTAL PROCEDURES
Hipvocampal
__
_ cell suspension

The hippocampal region was removed from the brain of
18-19-dav-old Wistar rat fetuses. Hippocampi were dissected in<a medium comprising phosphate-buffered saline
(PBS) and glucose (33 mM) and cut into small pieces before
being incubated for 20 min at 37°C in PBSglucose containSeveral studies have examined the development of ing 0.08% (w/v) trypsin (Sigma). After several rinses with
PBS-glucose, cells were mechanically dissociated through a
grafts by implantation of various brain regions into
fine oolished Pasteur Dinette. Following a brief centrifuthe hippocampus
of adult rats.‘5~‘6~23~24~26~30~~~42~47
gation, the cell pellet was resuspended in-a small volume of
PBS-glucose for subsequent stereotaxic injections. Cell viWhereas the differentiation of cholinergic, monoability as assessed by Trypan Blue exclusion was about
aminergic and peptidergic neurons within such grafts
90%.

has been reported, the study of GABA neurons with
such an experimental model has not yet been undertaken. Indeed GABAergic neurons are believed to be
of functional importance and as the main mediator of
recurrent inhibition they are one of the crucial components involved in hippocampal epilepsy.’ The capacity of GABA neurons to regenerate is still little
known.
We have undertaken the study of the differentiation of dissociated hippocampal neurons taken
from rat embryos after implantation into the hippocampus of adult rats. We have mainly looked at the
development of GABAergic neurons and their capacity to establish connections with neighboring cells. At

Inrrahippocampal grafting

Adult male Wistar rats (20&220 g) received a unilateral
injection of dissociated hippocampal cells through the
needle of a 10~1 Hamilton syringe (0.7mm external diameter). Stereotaxic coordinates were as follows: 4.4 mm in
front of the lambda, 2 mm right of the midline and 7 mm in
depth. One ~1 of the cell suspension containing S&70 x lo3
cells was slowly infused over 2.5 mn.
Tissue culture conditions

tTo whom all correspondence should be addressed.
GAD, glutamate decarboxylase;
PBS,

Abbreviafions:

phosphate-buffered saline.
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Dissociated hippocampal cells were cultured in 35-mm
Falcon dishes according to two different procedures. In both
cases the basal culture medium without serum was as
previously described. z For the first procedure, cells were
seeded onto a preformed confluent monolayer of glial cells
derived from neonate rat forebrain; for this purpose the
basal culture medium was supplemented with 0.1% ovalbumin and other additives’* and half of it was replaced every
3 days.
For the second procedure, cells were directly seeded onto
dishes precoated with polyornithine (1.5 pg/ml, Sigma.
mol. wt 40,000) in a culture medium supplemented with 8%
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heat-inactivated fetal calf serum (G&co). Three days later,
half of the medium was replaced with a serum-free conditioned medium derived from confluent glial cell monolayers:
subsequent replacement of this medium was performed in
the same manner every 3 days.
Himlogical

procedures

After various survival periods (3 days-3 months) rats
were anesthetized with pentobarbital. Perfusion and fixation
were performed intracardially using different solutions according to the procedure: (1) 10% formalin (in 0.2 M
cacodvlate buffer. DH 7.4) for Cresvl Violet stainine (3 rats).
rapid “Golgi pr&edure (2 rats), and a~ty~cholines~ra~
staining (1 rat); (2) a 4% sulfide solutions for a Timm’s
procedure (I rat); (3) a modified Karnovsky solution for
electron microscopy (3 rats).
For GABA immunohist~hemistry,
10 rats were examined at various time intervals following the graft: 3 days
(n = 3), 10 days (n = 3), 30 days (n = 3) and 90 days (n = 1).
Rats were briefly perfused with saline followed by 5%
glutaraldehyde (in 0.1 M cacodylate buffer, pH 7.6); the
brain was removed and left overnight at 4&C in the same
fixative solution. The middle part of the hip~mpus
including the graft was cut in 5 coronal slices (I mm thick)
and embedded in Araldite. The graft was detected on I pm
thick sections by Toluidine Blue staining, and the following
sections were processed for GABA immunoreactivity. After
removal of Araldite with sodium methylate (30 mm), endogenous peroxidase activity was blocked with a mixture of
methanol (20%) and hydrogen peroxide 0.5%. Sections
were permeabilized for 15 min with 0.5% Triton X-100,
before an overnight incubation at room temperature with a
t/2000 dilution of a rabbit antiserum raised against bovine
serum albumin--glutaraldehyde-GABA
reduced (Immunotech, Marseille, France). A goat anti-rabbit IgG fraction
(Nordic) was used as a second antibody and developing
performed using the peroxidase-antiperoxidase
method
with diamino~n~~ne
as a chromogen. Controls were performed either with a preadsorbed GABA antiserum or with
a preimmune serum. For the immunodetection of GABA in
the cultures the same method was employed with minor
modifications: (I) cultures were fixed for 30 min with 3%
glutaraIdehyde, (2) Triton treatment was omitted, (3) incubation with the first antibody was done overnight at 4°C.
For [IH]GABA autoradiography, cultures were incubated
for 30min with 5 x 10-*M [‘HJGABA (Amersham, U.K.)
in the presence of IO-TM fi-alanine.
I.
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RESULTS

Among the 20 adult rats which were imphnted
with hippocampal cell suspension, 15 showed graft
survival with significant neuronal growth. In 12 cases
the graft was localized in the stratum radiatum of
CA 1 and/or the molecular layer of the fascia dentata
(Fig. lA, B), whereas it was present in the hilus of the
fascia dentata in the 3 remaining cases (Fig. 1C).
Appearance of the grafted tissue wader light microsCOPY

One month following transplantation,
the grafted
tissue had a large volume and could easily be recognized from the host. When present in the dorsal area,
the fascia dentata of the host &as squeezed, thinned
out or even dislodged but did not appear to be
invaded by the grafted tissue (Fig. IA). When present
in the hilus, the suprapyramidal dorsal blade of the

fascia dentata was clearly pushed away from the
infrapyramidal blade (Fig. IC).
Whatever the general outline of the graft (round,
ovoid or mushroom-like) its boundaries were regular
and well delineated with a diameter ranging from 800
to 1300pm. Vascu~arization of the graft was very
rich, mainly consisting of small newly formed capillaries with a thin wall consisting of one or two
endothelial cells as seen on the sections (Fig. 1D).
Aithough we have not thorou~ly studied the possible connections between host and graft, Timm’s
stainings performed 30 days after grafting did not
reveal any bundles of fibres between host and graft
(Fig. IB). Timm’s stained fascictes of fibres were
confined to the grafted tissue and did not invade the
host hippocampus (Fig. IB). In the present study we
have only examined in detail the differentiation and
the intrinsic organization of the grafted neurons.
When observed either after Cresyl Violet or Toluidine Blue staining the graft did not show any pattern
of laminar organization; instead, neurons were widely
scattered with occasional clusters or rows of 5-10
cells. The majority of the neurons encountered within
the graft had a large cell body (diameter range
15-20 pm) with a round nucleus sometimes containing many nucleoli (up to 4); the cytoplasm was
abundant
and highly basophilic.
Occasionally
pyramidal-shaped neurons with a large apical dendrite could be observed on semithin sections (Fig.
1D). The orientation of the apical dendrite was
random without the regular organi~tion seen in the
adjacent stratum radiatum.
Besides these large
pyramidal-shaped neurons, smaller, rounded neurons
without any visible apical pole were seen; these cells,
which could be granular neurons (see below), were
rarely observed.
A moderate gliosis occurred, consisting of swollen
astrocytes scattered within the graft (Fig. ID, see also
Fig. IE and below electron microscopic sections).
Golgi silver staining ahowed a closer insight into the
arborization of the grafted neurons. Large pyramidal
cells with a very long apical dendrite (up to 300 pm)
exhibited poor branching (Fig. 3C); occasionally they
have a thicker, shorter and curved apical dendrite
(Fig. 3A). Careful examination
at a higher
magnification revealed the presence of many spines
along the whole dendritic tree, including the primary
dendrite (Fig. 3B). Smaller pyramidal neurons with
several thin branches arising from their primary
dendrites were visualized; these pyramidal-shaped
neurons were aspinous or very sparsely spinous and
could be pyramidal basket cells (Fig. 3D). The majority of the neurons which could be recognized were
polymorphic: either spindle-like, bipolar (Fig. 28) or
stellate (Fig. 2C), the same neuron could also be
aspinous or sparsely spinous (Fig. 2B, C). No typical
granule cells were visible; even if some small round
neurons existed they never exhibited the regular
geometrical pattern of the dendritic tree as described
by several authorsMA

Fig. I. Histological
aspects of the grafts. In all cases grafts were examined I month following implantation.
Coronal (A, B) and horizontal
(C) sections were processed for Cresyl Violet (A, C) or Timm’s staining
(B). The arrow in Fig. (B) indicates a small Timm-positive
area in the graft. In a semithin section stained
with Toluidine Blue (D) a higher magnification
reveals several neurons, among them a pyramidal
cell
(arrow); also note typical vessels (arrowheads)
with endothelial
cells. Glial bundles within the graft are
better visualized at the electron microscope level (E) as well as some myelinated fibres. Bar = 500 /rm (A,
B, C), 50 Hm CD), 5 pm (E).

--

Fig. 2. (A) Golgi impregnation of the hippocampus and of the grafted tissue. FD, Fascia dentata of the
host; SP, stratum pyramidale of the host; 3 large arrows point to the graft; I single small arrow indicates
neuron C; 2 small arrows indicate neuron A in Fig. 3; neurons 2B, 3C and 3D are from another section.
(B) Aspinous bipolar fusiform cell. (C) Stellate cell: many spines are present along the distal part of the
dendrites; the cell body is larger than that of the granuie cell and we consider this neuron to be a atetlate
basket cell.

Fig. 3. Several aspects of Go&$ impregnated neurons in the graft. (A) Pyramidal neuron. The branching
of the primary dendrite is close to the cell body as for a typical neuron of CA3. Many spines but no thorny
excrescences are visible in the proximal and secondary dendrites. (B) Dendrites of neuron A exhibiting
several spines seen at a higher magnification. (C) Pyramidal neuron with a very elongated primary dendrite
covered with many spines. (D) Pyramidal neuron with a smooth primary dendrite and a few spines along
the secondary (probably a pyramidal basket cell).

Fig. 4. Electron micrographs of a typicai basket ceil {A) and a pyramidal neuron (S) found within the
graft (I month after implantation). The basket cell (A) has a deeply infolded nuclear envelope and an
intranuclear rod (arrow); notice also the presence of symmetrical axosomatic synapses (double arrow and
inset). The pyramidal neuron (B) contains rich Nissl’s bodies; the arrow Indicates an axosomatic synapse
which is shown at a higher magnification (C). Bar = 5 pm (A. B). 1torn(C).
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GABA neurons in hippocampal grafts and cultures
Appearance
microscopy

of

the grafted

tissue under

electron

With the exception of the numerous small dark
bodies which were present in the cytoplasm, the
morphology of the grafted neurons was quite normal.
The fine structure of the grafted tissue 1 month after
implantation clearly showed the polymorphic aspect
of the grafted neurons. Non-pyramidal neurons displaying the particular features as described by Seress
and Ribak,39 i.e. a folded nucleus with intranuclear
rods and a well-developed perikaryal cytoplasm enriched with organelles, were easily identified (Fig.
4A). Typical pyramidal neurons with a triangular
soma and a large apical dendrite were present. These
cells contained many organelles, in particular typical
Nissl’s bodies (Fig. 4B). In addition, characteristic
granular neurons are occasionally identified with the
electron microscope (Fig. 5A); these neurons had a
small diameter (i0 pm), a thin rim of cytoplasm and
a nucleus without indentation or with only one fold.
Within the graft, axons established various types of
synapses: (1) symmetric, with the soma of pyramidal
(Fig. 4C) and non-pyramidal neurons (Fig. 5A, B) as
well as with large dendrites (Fig. SC); (2) asymmetric
with a large dendritic shaft and numerous spines (Fig.
SD). The density of the contacts was very high (see
Fig. 5D for instance). An average number of 3.9
synapses/l0 pm2 was obtained (by counting 20 fields
at a 20,000x magnification); this value is only 2.9
synapses/IO pm2 in the adjacent stratum radiatum of
the host.
In the neuropil, many hypertrophic glial fibres
containing large bundles of glial filaments were observed (Fig. IE). These were scattered in an irregular
way without making any boundaries between the
graft and the host.
GABA immunohistochemistry in the graft

GABA immunoreactivity
was conspicuous in the
grafted tissue and affected only a portion of the
grafted neurons, whereas glial cells did not react at all
with the antiserum. Controls with preadsorbed
GABA antiserum gave only a slight diffuse staining
(not shown). GABA-immunoreactive
neurons were
detected as early as 3 days after transplantation. The
percentage of GABA-positive neurons within the
graft remained fairly constant over the period
investigated (Table 1). The GABA-containing
cell
bodies were usually large (20-25 pm in diameter),
spindle-like, multipolar or sometimes pyramidalshaped with a large apical GABA-~sitive
dendrite
(Fig. 6D).
Following the detection of GABA-positive perikarya within the graft, immunoreactive pun&a became visible from day 10 after implantation; their
density increased thereafter (Table 2) and allowed a
clear distinction between the grafted area and the
adjacent stratum radiatum of the host (Fig. 6D).
These GABA-positive puncta were readily visualized

around GABA-negative cell-bodies (Fig. 6E, up to
20-25 dots around neuronal profiles); however, the
outline of GABA-positive neurons was labelled as
well, suggesting GABA-GABA
interactions (Fig.
6F). Many immunopositive
puncta were visible
around the apical dendrite of GABA-negative pyramidal neurons (Fig. 6E) while some others were
scattered through the neuropil of the graft.
Hippocampal cell culture monolayers

In order to assess the neuronal composition of the
grafted cell suspension, aliquots were cultured under
conditions allowing an optimal long-term survival.
As previously shown, high-density cell seeding contributes to reducing neuronal cell 10ss,~and glial cells
are known to exert trophic influences on the in vitro
development of neuronal cultures.3,6 For this purpose, about 80 x lo3 cells/cm2 were seeded either onto
glial cell monolayers or on polyomithine
in the
presence of glial cells conditioned medium. Both
substrata allow a rapid attachment of the cells within
a few hours after seeding. Neuritic outgrowth could
readily be observed within the first 24 h but occurred
more rapidly with longer processes on the glial
substratum. However, neurons seeded onto glial cells
aggregated (about 20-30 cell bodies) within a few
days (Fig. 7F), thus making a detailed mo~holo~cal
Table 1. Percentage of immunoreactive
GABA
neurons
within the grafts
Time after
grafting
(days)

Mean k S.E.M.

3
10
30
90

21 & 5 (3)
21 k4(3)
24 f 4 (3)
18 (1)

For each animal, 3 sections
(separated by at least 10 pm)
were examined. Neurons
were counted over an area
(72,900 pm2) covering a
large part of the graft. The
number of animals is indicated in brackets.
Table 2. Number of immunoreactive GABA puncta on
semithin sections of the grafts
Time after
grafting
(days)
3
10
30
90

Mean & S.E.M.
0.2 & 0.4 (3)
23.1 f 6.4 (3)
65.2 rf: 13.5 (3)
87.7 (1)

Using the same sections as in
Table 1, GABA-immunoreactive puncta were counted in 3 fields of 210pm’.
The number of animals is
indicated in brackets.
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analysis difficult. In contrast, neuronal aggregates
were not seen with polyornithine as a substratum.
The decreasing amount of serum present in the
culture medium reduced but did not prevent the
proliferation of glial cells (see for instance Fig. 7H).
The progressive replacement of this culture medium
with a serum-free glial cell conditioned medium allowed a substantial number of neurons to be kept
alive up to 3 weeks in culture. The morphology of
GABA neurons was therefore primarily investigated
with an artificial substratum. Under the present
experimental conditions the antiserum labelled a portion of the neuronal population whereas glial cells did
not exhibit any positive reaction compared with
controls. In all cases both the soma and the processes
of neurons were stained. As indicated in Table 3, the
proportion of neurons that exhibited a strong positive reaction remained fairly constant over the period
of culture investigated. However, within a few days
an additional subset of neurons was weakly labelled.
When 2-day-old cultures were incubated
with
[3H]GABA (5 x IO-* M) in the presence of the glial
uptake inhibitor (IO-’ M fi-alanine), process-bearing
cells were heavily labelled with silver grains (Fig.
7A-C); the proportion of GABA uptake-positive
neurons was 32%.
The morphological maturation of the GABA-like
neurons occurred very rapidly and after 24 h in
culture neurons had already sent out processes with
well-developed growth cones at their extending tips.
Morphological patterns were close to those seen after
grafting. Pyramidal neurons were identified as early
as 2 days in vitro. At this time, the apical dendrite was
well differentiated and could be very thick in its initial
portion (Fig. 7E); secondary branches could arise
perpendicularly or at an acute angle from the primary
trunk (Fig. 7C). Later on (i.e. day 15) neurons were
more differentiated with well-developed basilar dendrites and a bifurcated apical dendrite (Fig. 7H).
Apart from pyramidal neurons, two categories were
Table 3. Percentage of immunoreactive GABA neurons present
within hippocampal cultures
in vitro

Positive
labelhng

Weak
labelling

1
3
10
15
20

20 + 1
21 + 1
23 +2
21&2
24 & 3

0
0
12+2
1852
18+4

Days

At each culture time point a total
of 5OtHOOO neurons were
counted in 3-5 culture dishes.
Data are expressed as the
mean + S.E.M.

Table 4. Percentage of the various GABAlike neurons present within hippocampal
cultures
Morphological type
Days in
culture

Pyramidal

Bipolar

Stellate

3
15
20

50 * 8
60 + 5
69 k 4

35 * 5
18+4
12*3

15*3
22 * 2
19+-2

At each culture time point 2oo-400 GABAimmunoreactive neurons were examined.
Data are expressed as the mean + S.E.M.

in evidence: bipolar neurons (Fig. 7A, D, I) already
present after 2 days in culture, and stellate neurons
(Fig. 7B, I) with several processes emanating from the
cell body. Quantitative estimation of the respective
morphological subtypes is shown in Table 4.
DISCUSSION

The present study suggests the foIlowing conclusions:
(1) there is a substantial proportion of GABAimmunoreactive neurons in cultures of the hippocampus,
(2) GABA-immunoreactive
neurons are numerous
within the dissociated hippocampus graft and they
provide a strong intrinsic innervation,
(3) within grafted dissociated cells no laminar
organization is observed and granule neurons are
poorly represented.
The GABA antiserum used in the present study is
similar to the one used by other authors who have
documented its specificity. 38In various brain regions
including the hippocampus’8,28.U.4 the distribution of
GABA-immunoreactive
neurons observed with such
an antibody is identical to that of glutamate decarboxylase (GAD)-containing
neurons3’
In cultures, there is an increase in the percentage of
GABA-immunoreactive
neurons between days 2 and
20 (from 20 to 40%) if one includes the weakly
labelled neurons (Table 3). These values are very
similar to those obtained by Hoch and Din&dine,*’
who counted the number of hippocampal neurons in
culture that are labelled with an antibody directed
against GAD. Although we did not perform the same
type of labelling, the similarity of the values obtained
by the two methods suggests that neurons reacting to
the GABA antiserum are indeed GABA-synthesizing
cells. Uptake studies 21,36*43
including the present one
also reflect the marked development of GABAergic
neurons in uitro. In the adult rat hippocampus the
majority of the GABA neurons are non-pyramidal

Fig. 5. Electron micrographs to illustrate the various types of synapses established within the graft after
1 month. (A) Symmetric axesomatic synapse (arrow); (B) symmetric axosematic (Single arrow) and
axodendritic (double arrow) synapses; (C) symmetric axodendritic synapse (arrow); (D) asymmetric
axodendritic synapses (arrows) and asymmetric synapses with dendritic spines (arrowhead). Bar = 1 ym.

Fig. 5.
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Fig. 6. lmmunohistochemical visualization of GABA-like posrtive cells within the graft. Survival time was
10 days (A, B), 30 days (C) and 90 days (D, E, F) following transplantation. Notice the strong density
of GABA-like immunoreactive puncta within the graft as compared to the neuropil of the host (dotted
line indicates the boundary between the host and the graft) (D), Many GABA-like puncta are visible
around GABA-negative (E, arrows) or GAEA-positive neurons (F, arrow). Bar = 25Ofim (A). and SOpm
(B, C. D. E, F).

neurons located outside the pyramidal and the granular layer. These non-pyramidal neurons account for
less than 10% of the neuronal population which
comprises IO6granule, 4 x IO5pyramidal and 8 x IO4
non-pyramidal neurons.‘3.!8
Several explana~ons could account for the high

percentage
cultures.

of GABA

neurons

in hippocampal

( 1) This may reflect a proliferation of GABAergic
neurons. However, incuba~on of the cultures with
~3~]thymidine followed by GABA immun~~tion

Fig. 7. Morphological
aspects of GA3A-immunorea~ive
neurons within dissociated hippocampal
cultures. Ceils were labelled either by autoradiography
followmg [3H]GABA uptake (A, B, C) after 2 days
in culture or by imrnunoreactivity
for GABA at 3 (D, E), 10 (F), 15 (C, H) and 20 (I) days in culture.
Various types of neurons can be recognized: pyramidal (A, C, H, double arrow), stellate (B, I), bipolar
(A, D, I, single arrow). Notice the unipolar neurons with a thick apical dendrite (E, G, arrowhead) and
aggregate of neurons (F).
83
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very rarely shows GABA-positive cell bodies covered
with silver grains (unpublished observations) and
rules out this hypothesis, which has also been excluded by Hoch and Dingledine.”
(2) Alternatively, GABA neurons could account
for a substantial proportion of the whole neuronal
population at embryonic day 18 (E18)-(E19). This is
in agreement with the early time of origin of GABA
neurons which starts at El2 and is complete before
E20.2,25,27.4’
A large portion of these neurons become
postmitotic at El4 when less than 5% of the granule
cells have been generated and pyramidal cell neurogenesis is just getting under way.33*” It is conconceivable that this fetal characteristic could persist
in tissue culture, due partly to the lack of development of granule cells. Although we have not
performed electron microscopic studies on the cultures, our observations, as well as those of others,4*S
suggest that granule neurons do not develop in vitro
after dissociation of embryonic tissue.
To a large extent the grafted material shows several
similarities with the cultures, notably with regard to
the morphological
differentiation
and the development of GABAergic systems. The percentage
(20%) of GABA-immunoreactive
neurons found
within the graft is higher than that estimated in the
adult rat hippocampus; indeed GABA-positive neurons account for less than 10% of neurons whether
this percentage refers to the whole neuronal population or to the pyramidal subfield.& As discussed for
the observations in tissue culture, the selective enrichment in GABA neurons brought about by the
dissociation of embryonic tissue might account for
this high percentage in the graft. These GABAimmunoreactive neurons are able to survive in the
graft and they express a vigorous outgrowth. This is
indicated by the increasing density of GABAimmunoreactive
puncta from 3 to 90 days after
implantation (Table 2). Thirty days after grafting the
density (65/210ym2) is already higher than that
normally estimated in the stratum radiatum of CA1
and CA2.& Whether these GABA-immunoreactive
puncta represent axonal endings (around the cell
bodies in particular) or sections of neuronal processes, our observations suggest a high capacity for
regeneration of GABAergic neurons as it has been
documented in recent studies. Thus neurons of the
reticularis nucleus of the thalamus which are essentially GABAergic” readily regenerate through an
implanted sciatic nerve bridge.B Interestingly, the
adjacent neurons of sensory thalamic nucleus do not
readily innervate the bridge, suggesting preferential
sprouting capacity of the GABAergic neurons.
Furthermore, a marked increase in the density of

GAD-immunoreactive
fibres has been observed in the
outer molecular layer of the fascia dentata in response to a destruction of the perforant pathway.”
Similarly, following destruction of the vibrissal
follicles at birth” there is a GABAergic hyperinnervation in subcortical relays. A selective sprouting of GABAergic synapses has also been described
in the red nucleus of the cat after lesions of the
nucleus interpositus.22
The present study also suggests that there are
major differences between grafts of dissociated cells
and solid implants of pieces of fetal hippocampus.24*30v47
In particular, grafted dissociated cells
are not organized in a laminar fashion. In addition,
the differentiation of the three main neuronal types
(pyramids, granule cells and interneurons) proceeds
after transplantation
but is very different from that
observed with solid grafts.” The major discrepancy
concerns the very small number of granule cells found
in the present study, whereas a granular layer is
clearly seen in solid grafts taken at the same embryonic age.16 The paucity of granule cells in our
grafts could be explained by the late ontogeny of this
cell type as compared to that of pyramids and
interneurons;”
in this respect granule precursors
might be more vulnerable to the dissociation process
than early postmitotic neurons. Alternatively the
absence of proliferation of granule cells could result
from the lack of mitogenic signals in the cell suspension.
CONCLUSiON

Dissociated hippocampal neurons taken from embryos can survive in the adult rat. In addition, the
grafted tissue contains GABA neurons which provide
a rich intrinsic innervation. In the present study this
capacity has been investigated within the graft. More
appropriate techniques (like the use of anterograde
tracers) must be made to examine whether the grafted
tissue invades the neuropil of the host in animals with
selective lesions. For instance, grafted cholinergic
septal neurons are able to reinnervate granule neurons of the host after a transection of the timbria.23
In this respect the possibility of grafting GABA
neurons offers interesting perspectives for the restoration of GABAergic innervation in situations where it
is deficient, notably after severe epileptic seizures.9
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