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Abstract Reelin is an extracellular matrix glycoprotein
involved in the modulation of synaptic plasticity and essential
for the proper radial migration of cortical neurons during
development and for the integration and positioning of dentate
granular cell progenitors; its expression is down-regulated as
brain maturation is completed. Trimethyltin (TMT) is a potent
neurotoxicant which causes selective neuronal death mainly
localised in the CA1-CA3/hilus hippocampal regions. In the
present study we analysed the expression of reelin and the
modulation of endogenous neurogenesis in the postnatal rat
hippocampus during TMT-induced neurodegeneration (TMT
6 mg/kg). Our results show that TMT administration induces
changes in the physiological postnatal decrease of reelin
expression in the hippocampus of developing rats. In partic-
ular, quantitative analysis of reelin-positive cells evidenced, in
TMT-treated animals, a persistent reelin expression in the
stratum lacunosum moleculare of Cornu Ammonis and in the
molecular layer of Dentate Gyrus. In addition, a significant
decrease in the number of bromodeoxyuridine (BrdU)-la-
beled newly-generated cells was also detectable in the sub-
granular zone of P21 TMT-treated rats compared with P21
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control animals; no differences between P28 TMT-treated rats
and age-matched control group were observed. In addition the
neuronal commitment of BrdU-positive cells appeared
reduced in P21 TMT-treated rats compared with P28 TMT-
treated animals. Thus TMT treatment, administrated during
development, induces an early reduction of endogenous
neurogenesis and influences the hippocampal pattern of reelin
expression in a temporally and regionally specific manner,
altering the physiological decrease of this protein.

Keywords Trimethyltin - Hippocampal
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Introduction

Reelin is a large glycoprotein associated with the extracellular
matrix, secreted by different neuronal cell populations, in
particular Cajal-Retzius (CR) cells and GABAergic
interneurons, in the developing, postnatal and adult mam-
malian brain [1]. During development, reelin is required for
the proper radial migration of post-mitotic neurons in the
cerebral and cerebellar cortex, contributing to correct layering
of these structures and the formation of layer-specific con-
nections [2-5]. During embryonic and early postnatal devel-
opment, reelin is expressed in CR until the second postnatal
week, when most CR cells undergo neuronal death [6-8].
Indeed it is well known that its expression is down-regulated
as brain maturation is completed [8, 9]. Interestingly, in
postnatal and adult human and rodent hippocampus, reelin is
mainly synthesised and released by a subset of GABAergic
interneurons belonging to a new generation of neurons that did
not express reelin during development, suggesting a dynamic
regulation of this protein [7].
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In adults, reelin enhances cell migration and synapto-
genesis and is involved in a signalling pathway which
underlies neurotransmission, memory formation and
synaptic plasticity [10, 11].

It may be noteworthy in this respect that reelin expres-
sion is altered in a variety of neurologic and psychiatric
disorders, such as temporal lobe epilepsy, schizophrenia,
autism [10, 12-16].

Reelin has also been suggested to regulate neonatal and
adult hippocampal neurogenesis, likely acting as guidance
cue for the dentate granular cell progenitors [11, 17-19]. In
addition, in vitro experiments hypothesised an association
between reelin expression, neural stem cell proliferation
and neurosphere formation [20].

The modulation of endogenous neurogenesis seems to
be included in wider brain response mechanisms to the
injury, likely under the control both of cell-intrinsic and
extrinsic molecules, which still deserve investigation [21].

Organotins, such as trimethyltin (TMT) and triethyltin
(TET), are a group of organometallic compounds based on tin
with hydrocarbon substituents, exhibiting potent neurotoxi-
cant effects [22-25]. However, despite their similar chemical
structural features, they exhibit different patterns of toxicity
[22-24]. TET mainly affects white matter inducing myelin
vacuolation and central edema accompanied by impaired
neuromotor function [22-24]; on the contrary, TMT causes
neuronal death selectively localised in the limbic system. For
this reason, it is widely used to obtain animal models of
neurodegeneration and temporal lobe epilepsy associated with
cognitive impairments and behavioural alterations [25, 26].

In both developing and adult rat brain, TMT-induced
neurodegeneration is characterised by a massive loss of
pyramidal neurons localised in the CA3/hilus and CAl
hippocampal  subfields, accompanied by reactive
astrogliosis and microglia activation, with sparing of cal-
retinin- and parvalbumin -IR interneuron subpopulations
[27-35]. Generally, TMT has not been found to induce
myelin damage in rodents [23] and, in the developing rat, it
does not modify the concentration or protein composition
of isolated myelin [36]. In order to explore further the
phenomena accompanying neurodegenerative processes
during development, the present study examines the
expression and distribution of reelin and the modulation of
endogenous neurogenesis in the hippocampus of develop-
ing rat treated with the neurotoxicant TMT.

Materials and Methods
Animal Treatment

Wistar rat pups, derived from 6 litters, served as subjects.
On the day of birth, litters were culled randomly to
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preserve eight pups per litter and randomly assigned to
control or TMT treatment. Since the sensitivity to TMT of
the CA pyramidal neurons is age-dependent, developing, in
rats, in concomitance with their functional maturation
7 days after birth, at postnatal day 7 (P7) the animals were
given a single i.p. injection of saline or TMT chloride
(Sigma, St. Louis, MO, USA) dissolved in saline at a dose
of 6 mg/kg body weight in a volume of 1 ml/kg body
weight, as previously described [31, 36, 37]. Nine days
after TMT intoxication, the animals intended for the study
of endogenous neurogenesis were given an i.p. injection of
bromodeoxyuridine (BrdU) (50 mg/kg dissolved in a saline
solution 0.1 M NH40OH) once a day for three consecutive
days. Control rats were treated with the same doses of
BrdU.

Control and TMT-treated rats, intended for immuno-
histochemistry or Real Time PCR analysis, were sacrificed
14 (P21) days, when neuronal damage 1is clearly
detectable and neurodegeneration is still progressive, or 21
(P28) days after TMT-treatment when the maximum
severity of TMT-induced hippocampal damage is observed
[38].

For histochemical and immunohistochemical analysis
the animals (n = 4 for each group), under ketamine and
diazepam (1:1 i.p.) anaesthesia, were perfused through the
aorta with 50-100 ml of saline solution, followed by
100-150 ml of 0.01 M, pH 7.4, phosphate-buffered saline
(PBS) and 4 % paraformaldehyde. Serial 40-um coronal
sections were cut on a freezing microtome, collected in
cold PBS and processed for Nissl histochemical staining or
for immunohistochemistry. The animals (n = 3 for each
group) intended for Real Time PCR experiments were
sacrificed by decapitation under anaesthesia, ketamine and
diazepam (1:1 i.p.); the hippocampi were removed and
processed for RNA extraction.

All the animal experimental procedures were approved
by the Animal Experimentation Committee of the
Universita Cattolica del S. Cuore. All efforts were made to
minimise animal suffering and to reduce the number of
animals used. ARRIVE guidelines were followed.

RNA Isolation

Total RNA from hippocampus of saline solution or TMT
treated animals, at 15 (P21) and 21(P28) days after treat-
ment, was extracted using the TRIZOL reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s pro-
tocol. All samples were treated with DNasel to remove
residual genomic DNA in the RNA preparation. The yield
of RNA isolation was determined using spectrophotometry
(Beckman DUS800; Beckman Coulter Inc.). The integrity of
total RNA was assessed using Agilent 2100 Bioanalyzer
(Agilent Technologies, Santa Clara, CA, USA).
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Real-Time PCR

Reverse transcription (RT) was performed in 20 pl reac-
tions containing 2 pg total RNA with SuperScript™ III
First-Strand Synthesis System (Invitrogen, Carlsbad, CA,
USA) using random hexamers, following the manufac-
turer’s instructions. To rule out genomic DNA contami-
nation, no-reverse controls (i.e., RT reactions carried out in
the absence of the reverse transcriptase enzyme) were
added for each sample. Thereafter, 1 pL of a 1:5 dilution of
the single-stranded cDNA was used for real-time PCR,
performed in a reaction volume of 20 pL using the SYBR
green PCR master mix (Applied Biosystem, Foster City,
CA, USA). Primers for real-time PCR were as follows:
GAPDH_F, 5'-ctgaggaccaggttgtctcc-3’; GAPDH_R, 5'-
ggaagaatgggagttgctgt-3'; reelin_F, 5'-tggagtttttaccccaatgce-
3'; reelin_R, 5’-aggatggattgccacagaac-3’: The analysis was
performed on an ABI Prism 7900 Sequence Detection
System (Applied Biosystem) as follows: 10 min incubation
at 95 °C followed by 40 cycles at 94 °C for 15 s and 60 °C
for 1 min. All reactions were performed in triplicate.
Standard curves were generated for all the assays to verify
PCR efficiency. GAPDH mRNA was used as an internal
control to correct for potential variation in RNA loading or
efficiency of the amplification. Reelin expression was
normalized to the GAPDH expression by calculating the
ACt = (Ct of reelin - Ct of GAPDH). The ACt values were
used for statistical analysis. The amplified transcripts were
quantified using the comparative Ct method, with the for-
mula for relative Fold Change (FC) = 2724 [39].

Immunohistochemistry

Sections for reelin immunohistochemistry were incubated
by free floating with mouse anti-reelin antibody (1:2000;
Chemicon, Tamecula, CA, USA) overnight at 4 °C. For
BrdU labeling, sections were first incubated, by free floating,
with 2 N HCI at 37 °C for DNA denaturation (30 min),
followed by 5 % normal goat serum at 37 °C (15 min) and
then overnight with rat monoclonal anti-BrdU antibody
(1:1000; Abcam, Cambridge, UK). The reactions were
developed with the avidin—biotin peroxidase complex (ABC
method, Vector Burlingame, CA) using 3,3’-diaminoben-
zidine (Sigma, St. Louis, MO) as chromogen.

After reelin or BrdU labeling, the sections were exam-
ined under a Zeiss Axiophot microscope (Carl Zeiss,
Germany). Light microscopy images were captured on an
Axiophot microscope equipped with a digital camera
(AxioCam MRc) and image analysis software (Axiovision)
(Carl Zeiss, Germany).

The neuronal differentiation fate of neural stem cells
was analysed by double labeling with antibodies directed
against the proliferation marker BrdU and the immature

neuronal marker Doublecortin (DCX) (polyclonal, 1:3000,
overnight at 4 °C, Chemicon, Temecula, CA). The reac-
tions were revealed using secondary anti-guinea pig cya-
nine-3-conjugated antibody (Cy3, 1:400, 1 h at room
temperature, Jackson Immunoresearch Laboratories, West
Grove, PA) for DCX detection, while BrdU-labeling was
revealed with secondary anti-rat FITC-conjugated antibody
(1:200, 1 h at room temperature, Vector, UK).

The colocalization of two different markers was exam-
ined with a Zeiss LSM 510 META confocal laser scanning
microscopy system.

Quantitative Analysis

Quantitative analysis of subgranular zone (SGZ) BrdU-
positive cells and of reelin-immunoreactive (IR) cells pre-
sent in the different subfields of rat hippocampus (namely
CA1, CA2, CA3 stratum oriens (SO), CAl, CA2, CA3
stratum radiatum (SR), CAl, CA2, CA3 pyramidal layer
(SP), CA1, CA3 stratum lacunosum moleculare (SLM),
molecular layer (ML) of dentate gyrus (DG), SGZ and hilus)
was performed as previously described [29-31, 40-42].
Estimates of the total number of cells positive for each
marker were obtained using the following formula: £ = k
2N, where E is the estimate of the total number of counted
cells in each case, XN is the sum of n values in the n (n = 6)
sections considered, and k indicates that one section out of
every k will be used (k = 6). N was corrected according to
Abercrombie’s formula: N = n t/(t + D), where n is the
number of cells counted in each section, t is the section
thickness, and D is the mean diameter of the cells as previ-
ously described [29-31, 41, 42].

Quantitative analysis of DCX/BrdU double-labeled cells
were quantified using z-scan confocal microscopy (Zeiss
LSM 510 confocal-laser scanning microscope equipped
with an Argon and He/Ne laser) at 40x magnification
through the septo-temporal axis of the hippocampus in
1-in-12 series of sections, as previously described [42-44].
BrdU/DCX-double-stained cells were quantified in the
entire length of the DG (upper and lower blades) [42]. All
counts were performed using multi-channel configuration.
Each cell was manually examined in its full z dimension
and only those cells for which the nucleus was unam-
biguously associated with the lineage-specific marker were
scored as positive.

The quantification of double-stained cells was expressed
as the percentage of BrdU/DCX-positive cells in relation to
the total number of BrdU-positive cells.

Statistical Analysis

Three-way Repeated-Measures (RM) ANOVA with TMT
treatment (TMT-treated rats versus saline-treated rats) and
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time (P21 versus P28) as the between-subjects factors and
hippocampal subfields as the within-subjects factor, or two-
way ANOVA with TMT treatment and time as main fac-
tors were performed to analyze statistically significant
differences among different experimental groups. Data
analysis was performed with StatView Software. When
appropriate, post hoc comparisons were made using
Tukey’s-HSD test, with a significance level of p < 0.05.

In order to assess the statistical significance of the gene
expression changes for each gene in each experimental
group, an unpaired 7 test was used to compare the ACt
values across the replicates, setting the p value cut-off at
0.05. Comparisons were made across all four experimental
groups.

Results

Histological Analysis of Nissl-Stained Hippocampal
Sections

Light microscopic analysis of Nissl-stained hippocampal
sections showed moderate to severe neuronal loss mainly
localised in the CA3 region and hilus of rats treated with
TMT early during development, as already described [31]
(Fig. 1). Treated animals, sacrificed 14 (Fig. 1b) and 21
(Fig. 1d) days after TMT intoxication, exhibited a pro-
gressive worsening of hippocampal neuronal loss that
reached maximum severity 21 days after TMT adminis-
tration (Fig. 1d).

Hippocampal Reelin mRNA Expression in Control
and TMT-Treated Developing Rats

In controls, real time PCR revealed a significant down-
regulation of reelin mRNA levels in the hippocampus of
P28 rats compared whit P21 rats (p < 0.05), as expected
[9]. On the contrary, in TMT-treated rats, reelin mRNA
expression remained almost unmodified at both time points
considered (p > 0.05) (Fig. 2). In addition, reelin mRNA
levels in the hippocampus of P28 control rats were sig-
nificantly down-regulated compared with all TMT-treated
groups (p < 0.05) (Fig. 2).

Distribution Pattern and Quantitative Analysis
of Reelin-Immunoreactive Cells in the Hippocampus
of Control and TMT-Treated Developing Rats

Reelin-immunoreactive cells were distributed throughout
all hippocampal subfields exhibiting essentially the same
distribution pattern in all experimental groups (P21control
and TMT-treated; P28 control and TMT-treated) (Fig. 3a—
d). In particular, in the Cornu Ammonis several reelin-
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positive cells were present in the SO, scattered reelin-IR-
cells were detected in the SR and only rare immunolabeling
was found in the SP; numerous reelin-IR cells were present
in the SLM mainly located near the hippocampal fissure
(Fig. 3a—d). In the DG, several reelin-positive cells were
present in the hilus and SGZ, while there was no labeling in
the granular cell layer (Fig. 3a—d). Many reelin—IR neurons
were detected in the ML of DG, especially in the outer part
near the hippocampal fissure (Fig. 3a—d) reflecting the cell
distribution already described [6, 7, 45].

Quantitative analysis, followed by three-way RM
ANOVA, evidenced a significant age-dependent decrease
in the number of reelin-IR cells in control animals in
specific hippocampal subfields namely in the CA1 SO, in
the CA1 SLM and in the ML of DG, in agreement with the
physiological decrease of this protein described elsewhere
(Fig. 3e); conversely, in TMT-treated rats, the expression
of reelin remained essentially stable at the two time points
considered. These data essentially confirm results obtained
by real time PCR mRNA analysis.

In particular a significant TMT*time*hippocampal sub-
fields interaction (Fig 120 = 3.1), TMT*time interaction
(F112 =5.9), TMT*hippocampal subfields interaction
(F10,120 = 14.4), time*hippocampal subfields interaction
(F10,120 = 6.56) were revealed; time (F;;, = 7) and hip-
pocampal subfields (Fjg 120 = 120) effects were also sig-
nificant. Tukey’s-HSD post hoc test indicated a significant
decrease in reelin immunoreactivity in the ML of DG
(p < 0.001) and in the CA1 SLM (p < 0.001) of P28 control
group compared with P21 control animals (Fig. 3e, f); the
ML of P28 control group also showed a significantly lower
number of reelin-IR cells compared with both TMT-treated
groups (p < 0.001) (Fig. 3e). No significant differences
were detectable between the TMT-treated groups at the two
time points considered both in ML and in CA1 SLM.

A significant reduction in the number of reelin-IR cells
was also evident in the CA1 SO of P28 control rats com-
pared with P21 control animals (p < 0.001); the number of
reelin-IR cells in P21 control rats was also higher than both
TMT-treated groups (Fig. 3g; p < 0.001), while no dif-
ferences were appreciable between TMT-treated groups
and between P28 TMT and age-matched control group
(Fig. 3g).

No significant change in the number of reelin-IR-cells
was present in the other hippocampal layers examined
among the four experimental groups (data not shown).

Effects of TMT-Treatment on Hippocampal
Neurogenesis in Developing Rats

Light microscopy analysis of BrdU-labeled sections
revealed the presence of many round shaped nuclei localised
in the SGZ hippocampal region of all experimental groups,
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Fig. 1 a-d Micrographs of hippocampal CA3/hilus Nissl-stained
sections of P21 (a, b) and P28 rats (¢, d) treated with saline (a, ¢) or
TMT (b, d) and sacrificed 14 days (a, b) or 21 days after treatment (c,

mean RQ
o
©

0O P21 CTRL @& P21TMT
0O P28 CTRL = P28TMT

Fig. 2 Bar graphs represent results of quantitative real time-PCR
obtained using the AACt method to calculate the relative quantity
(RQ) of reelin gene at the tested time points. The values are given as
mean + SD; *p < 0.05

exhibiting features of newly generated cells [40, 46] (Fig. 4).
A higher number of BrdU-IR cells was evident in P21 control
group compared with P21 TMT-treated rats (Fig. 4a, b).

Two way ANOVA showed a significant effect of TMT-
treatment (F; ;, = 19,22) and a significant TMT-treat-
ment*time interaction (F, 1o = 6,4) (Fig. 4e).

d). Moderate to severe neuronal loss is evident in TMT-treated
animals (b, d). Scale bar 150 pm

Tukey’s-HSD post hoc test evidenced a significant
higher number of BrdU-positive cells in P21 control rats
compared with P21 and P28 TMT-treated animals
(p < 0.05). At the later time point, in P28 control rats the
number of BrdU-labeled cells declined, in line with pre-
vious reports [47-51], although this reduction did not reach
a statistically significant level (p > 0.05) (Fig. 4e). Fur-
thermore, in P28 TMT-treated group the number of BrdU-
positive cells remained substantially unchanged compared
with age-matched control group and with P21 TMT-trea-
ted-rats (p > 0.05) (Fig. 4e).

Confocal microscope analysis of BrdU/DCX double-
stained cells, performed to explore the neuronal commitment
of proliferating cells, evidenced numerous BrdU/DCX
double-stained cells, mainly located in the SGZ of both
control (Fig. 5a, c) and TMT-treated animals (Fig. 5b, d).

Possible differences in the percentage of BrdU/DCX-
double-labeled cells among the different experimental
groups were also evaluated. Quantitative analysis of double
labeled cells followed by two Way ANOVA revealed a
significant time effect (F;_;5 = 6,9 p < 0.05). Unpaired
t-student test showed a significant increase in the
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Fig. 3 a-d Reelin-stained hippocampal sections from developing rat
hippocampi at postnatal ages P21 (a, b) and P28 (c, d) treated with
saline (a, ¢) or TMT (b, d). The presence of many reelin-positive cells
is evident in the stratum oriens (SO) of CAl of P21 control rats
(a) compared with P21 TMT-treated rats (b). A marked decrease in
reelin immunoreactivity is detectable in the stratum lacunosum-
moleculare (SLM) and in the molecular layer (ML) of P28 control rats
(c¢) compared with P21 control rats (a); a smaller amount of reelin-IR
cells can be observed in the ML of P28 control group (¢) compared
with both TMT-treated groups (b, d). GL granular layer, SP
pyramidal layer, SR stratum radiatum, HipF hippocampal fissure.

percentage of BrdU/DCX co-expressing cells in P28 TMT-
treated rats compared with P21 TMT-treated animals
(p < 0,05) while no difference in the percentage of BrdU/
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Scale bar 100 pm. e-g Number of reelin-IR cells in the ML (e), in the
CA1 SLM (f) and in the CA1 SO (g) of developing rats at postnatal
ages P21 and P28 treated with saline or TMT. A significant decrease
in the number of reelin-IR cells is detectable in P28 control rats
compared with P21 control rats in the ML, in the CA1 SLM and in the
CAL1 SO (e, £, g). The number of reelin-IR cells is also significantly
reduced in the ML of P28 control group compared with both TMT-
treated groups (e). A significantly higher number of reelin-IR cells is
evident in the CA1 SO of P21 control rats compared with both TMT-
treated groups (g).The values are given as mean £ SD; *p < 0.05,
**p < 0.001

DCX double-labeled cells
(»p > 0,05 at two time
detectable (Fig. Se).

between control
points

groups
considered was
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Fig. 4 a—d BrdU-stained sections from the hippocampus of devel-
oping rats at postnatal ages P21 (a, b) and P28 (c, d) treated with
saline (a, ¢) or TMT (b, d). A higher number of BrdU-IR cells is
evident in the SGZ of P21 control rats compared with P21TMT-
treated rats. Scale bar 90 pm. e Number of BrdU-stained nuclei in the

Discussion

In the present study we examined the neurodegenerative
effects of TMT in the hippocampus of P21 and P28 rats,
during a critical period in the rodent brain postnatal
development when juveniles mature into young adults
(postnatal week 2-5), and when insults can have dramatic
consequences as cognitive impairments and developmental
disorders [52-54]. Our data showed that TMT-induced
hippocampal degeneration in developing rats influences the
hippocampal pattern of reelin expression, in a temporally
and regionally specific manner, altering its physiological
decrease [7], and modulates the endogenous neurogenesis,
reducing the number of newly-generated cells.

In particular, our findings highlight a persistent reelin
expression near the hippocampal fissure, in the SLM of
CAl and in the ML of DG of P28 TMT-treated animals.
These data are in line with results obtained in the experi-
mental model of developmental temporal lobe epilepsy
induced by intra-hippocampal kainic acid (KA) injection
showing a selective sparing of reelin expressing neurons
along the hippocampal fissure [55].

It appears to be especially striking that, in TMT-model,
the observed persistence of reelin-IR cells corresponds to
areas that are main targets of the entorhinal-hippocampal

P21
Bp2s

4500

4000

3500
3000
2500 1
2000
1500

1000

n° of BrdU+ cells ¢

n
o
(=

CTRL  TMT

SGZ hippocampal region. The number of BrdU-positive cells is
significantly higher in P21 treated animals compared with both P21
and P28 TMT-treated rats. The values are given as means *+ S.D.
(*p < 0.05)

pathway, namely ML of DG and SLM [3, 4]. In the early
postnatal hippocampus, reelin is greatly secreted by CR cells
in these subfields, being also required for the correct tar-
geting, growth and branching of entorhinal afferents [2, 11].
Thus, bearing in mind that TMT causes neuronal loss in
other limbic structures, especially pyriform/entorhinal
cortex [28, 38], whose destruction leads to hippocampal
deafferentation [56], the possibility that the prolonged
expression of reelin may be in connection with deaf-
ferentation processes caused by TMT-administration
should be considered. The lack of reelin physiological
decrease could be a part of the response triggered by
neurodegenerative processes and by disruptions in hip-
pocampal architecture induced by TMT treatment, which
modulates both the events associated with synaptic plas-
ticity [56] and reorganisation of the neuronal network.
Interestingly, while reelin expression was globally pre-
served in the TMT-treated hippocampus, a significant reduc-
tion in the number of reelin-IR cells in CA1 SO of P21 TMT-
treated rats compared with P21 control animals was observed.
The early loss of this reelin-IR cell subpopulation could be
related to their particular vulnerability; these cells are GABA-
interneurons, which could play a role in neurodegenerative
events, possibly involving seizure events, as already hypoth-
esized in the pilocarpine model of experimental epilepsy, in
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Fig. 5 a-d Representative confocal microscopy micrographs of P21
(a, b) and P28 (¢, d) dentate sections of control (a, ¢) and TMT-
treated (b, d) rats double-labeled for DCX (red) and BrdU (green).
Scale Bar 60 nm. e The percentage of BrdU/DCX-double-labeled

which a decline in GABA-interneuron subpopulations in the
CA1 SO has been described [57].

TMT-induced modulation of hippocampal neurogenesis
in developing rats shows features different from those
described in the mature brain, in which an enhancement of
dentate neurogenesis has been described [40]. Our results
evidence an early reduction of newly generated cell pro-
liferation in the SGZ of developing hippocampus in TMT
treated rats, in line with data obtained in KA, flurothyl (bis-
2,2,2-triflurothylether), pilocarpine models of experimental
epilepsy [49, 58-60]. The mechanism that underlies the
TMT effects on endogenous neurogenesis in developing
rats could depend on age-related differences in the neuro-
genic response to damage. It may be relevant, in this
respect, that the DG attains mature pattern later than other
hippocampal regions (almost 1 month after birth) [61];
thus TMT treatment at P7 affects DG neurogenic niche in a
critical developmental period in which newborn granule
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cells was significantly increased in P28 TMT-treated rats compared
with P21 TMT-treated animals. The values are given as
means £ S.D. (*p < 0.05) (Color figure online)

cells are still reaching their electrophysiological maturation
[62—64].

On the contrary, at the later time point, in P28 TMT-treated
group the number of BrdU-positive cells remains substantially
unchanged compared to age-matched control and to P21
TMT-treated groups. Interestingly, a later increase in the
percentage of mitotically active cells expressing immature
neuronal marker DCX in P28 TMT-treated group compared
with P21 TMT-treated animals has been observed.

These data may suggest that TMT induces an early
reduction, followed by a quite steady-state level, of cell
proliferation also accompanied by a delayed and stepwise
commitment of newly-generated cells to neuronal fate;
these events are possibly correlated to the morphological
and neurochemical changes occurring within the damaged
hippocampus.

Thus, the combined effects of different factors involved
in the regulation of endogenous neurogenesis, such as
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developmental stage, damage-triggered changes, neuro-
genic microenvironment, could result in an altered prolif-
eration and differentiation of precursor cells in TMT-
injured hippocampus.

Interestingly, the involvement of reelin in the modula-
tion of hippocampal neurogenesis has been hypothesized
[11, 18, 65-67]. Indeed, reelin is expressed predominantly
in cells located in the SGZ near precursors cells, thus likely
contributing to migration and maturation of newborn
granular cells [17, 19]. However, the modulation of neu-
rogenesis induced in developing rats by TMT treatment is
not accompanied by a variation in the number of reelin-
expressing cells in the SGZ, so that a direct interrelation
among the levels of reelin and neurogenesis processes in
the present experimental system cannot clearly be evi-
denced. These findings differ from data obtained both in
human epileptic patients [14] and in some experimental
models of epilepsy, in which a general reduction of reelin
expression in the DG parallels (and is suggested to
underlie) granule cell dispersion (GCD), usually observed
in these hippocampal degenerative processes [14, 19, 68—
70]. In TMT-induced neurodegeneration GCD is not
observed [25, 38], possibly with a specific relation with the
preserved expression of reelin described in this model.

To summarize, TMT treatment, administrated early
during development, reduces endogenous dentate neuro-
genesis and influences the hippocampal pattern of reelin
expression altering its physiological decrease. The present
results hint at the possibility that both phenomena, in an
integrated or distinct manner, might play a role in the tissue
response to brain damage.
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