






positive cells were observed in SC (Figure 4A), and they were
significantly increased (versus control) in the contralateral SC
at 30 and 90 days after NMDA injection (Figure 4C).
Similarly, a slight increase (versus control) was observed in
the ipsilateral SC at 90 and 180 days (Figure 4C). To identify
BDNF-positive cells, we performed double
immunofluorescence for BDNF and NeuN using the SC

sections. Some NeuN-positive neuronal cells expressed
BDNF at 30 days after NMDA injection (Figure 4B). No
morphological differences in the SC were observed among the
control and sham-treated mice (data not shown).
Double immunofluorescence: To identify other cells that were
positive for BDNF, we performed double
immunofluorescence for BDNF and GFAP in brain sections

Figure 2. NeuN immunostaining of
sections of the SC. A: Representative
microphotographs of the superior
colliculus (SC) are shown for the control
group (untreated) for 180 days after N-
methyl-D-aspartate (NMDA) injection
(the contralateral side and the ipsilateral
side). The scale bars represent 30 µm. B: 
The   average   number  of  neuronal
nuclear specific protein (NeuN)-labeled
neurons  was  counted  in  the  SC.  Each
value     represents     the    mean±SEM
(n=4-11). The asterisk indicates p<0.05,
while   the   double  asterisk  represents
p<0.01  versus  control (untreated mice;
Dunnett’s test).

Figure 3. GFAP-positive astrocyte of
sections of the SC. A: Representative
microphotographs of the superior
colliculus (SC; the contralateral side and
the ipsilateral side) are shown for the
control group (untreated) 3, 7, 30, 90,
and 180 days after N-methyl-D-
aspartate (NMDA) injection. The scale
bar represents 30 µm. B: The average
number of glial fibrillary acid protein
(GFAP)-positive astrocytes was
counted in the SC. Each value represents
the mean±SEM (n=3). The asterisk
indicates p<0.05, while the double
asterisk represents p<0.01 versus
control (untreated mice; Dunnett’s test).
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containing the SC after the intravitreal NMDA injection.
Some GFAP-positive astroglial cells exhibited BDNF in the
superficial layer of the contralateral SC at 30 days after
NMDA injection (Figure 5).

DISCUSSION
In our previous study (also on mice), we observed a time-
dependent decrease in the number of RGC after NMDA
injection, with the damage first being evident at one day and
almost reaching a plateau at three days after the injection
[10]. These findings suggest that the neuronal degeneration
we detected here in the contralateral SC was secondary to
NMDA-induced retinal damage. It has also been reported that
removal of the SC (in neonatal Wistar rats) results in a rapid
loss of RGC, an event involving NMDA receptors [27,28]. It
is likely that, because of interactions between RGC and the
SC, the aforenamed types of neuronal degeneration result
from a reduction in mutual stimuli and from a lack of
neurotrophins (due to a dysfunction of anterograde transport
from RGC). In mice, most of the optic fibers are crossed
(70%–80%), and the direct retinohypothalamic projection to
the contralateral SC is three times greater than that to the
ipsilateral SC [29].

Astroglial activation is mainly characterized by marked
overexpression of the major component of the gliofilaments,
GFAP; this is a well known characteristic marker of astrocyte
activation/reactive astrocytosis. Previous studies have
revealed that transection of the optic nerve (or enucleation)

leads to both fiber and terminal degeneration (Wallerian
degeneration) within the SC [30-32] and to reactive changes
in astrocytes [33,34]. Moreover, it has been reported that in
rats, increases in GFAP within the SC follow 3, 3′-
iminodipropionitrile-induced retinal degeneration, which is
known to disrupt neurofilaments and axonal transport [35]. In
the present study, GFAP expression was increased in the
contralateral SC at 7, 30, and 90 days after unilateral
intravitreal injection of NMDA. In addition, significant
increases in GFAP expression were observed in the ipsilateral
SC at 7 days. These findings indicate that the neuronal
degeneration within the SC occurred not only contralaterally
but also ipsilaterally, because of the nature of the projection
from the retina (see Figure 1). Since damage to neuronal cells
within the SC was not detected during the period of increased
GFAP expression, reactive astrocytes may provide crucial
support for neurons during this period through such functions
as the production of trophic factors and the elimination of
toxins [36,37].

The expression of neurotrophins is regulated by
neuroelectric activity, and neurotrophins may modulate the
efficacy of synaptic transmission, the growth of dendrites and
axons, or the production of the structural elements necessary
for synaptogenesis [38-42]. BDNF, a member of the
neurotrophin family, plays a critical role in the development,
survival, and synaptic plasticity of neurons within the adult
central nervous system [38,43]. BDNF is synthesized by
neurons and then anterogradely transported. Reactive

Figure 4. BDNF-positive cells of
sections of the SC. A: Representative
microphotographs of the superior
colliculus (SC; the contralateral side and
the ipsilateral side) are shown for the
control group (untreated) 3, 7, 30, 90,
and 180 days after N-methyl-D-
aspartate (NMDA) injection. The scale
bar represents 30 µm. B: Representative
photographs show brain-derived
neurotrophic factor (BDNF) and
neuronal nuclear specific protein
(NeuN) immunostaining, and BDNF/
NeuN double-immunostaining of the
contralateral SC at 30 days after
intravitreal NMDA injection in mice.
Some BDNF-expressing cells were
colocalized with NeuN-positive
neuronal cells, as indicated by the
yellow color. The scale bar represents
20 µm. C: The average number of
BDNF immunopositive puncta was
counted in the SC. Each value represents
the mean±SEM (n=3). The asterisk
indicates p<0.05, while the double
asterisk represents p<0.01 versus
control (untreated mice; Dunnett’s test).

Molecular Vision 2009; 15:662-669 <http://www.molvis.org/molvis/v15/a68> © 2009 Molecular Vision

666

http://www.molvis.org/molvis/v15/a68


astrocytes have been shown to produce BDNF [44-47]. In the
present study, we observed significant increases in BDNF-
positive cells in the contralateral SC at 30 and 90 days after
NMDA injection, and at least a partial overlap with the cells
showing increased expression of GFAP. These findings,
indicating that BDNF was produced by GFAP-positive
astroglial cells, are consistent with BDNF from reactive
astroglial cells. However, as mentioned, BDNF is known to
be synthesized by neurons and then anterogradely transported
[48-50], and to be transferred from neuron to neuron [51]. The
synthesis of BDNF is increased in RGCs immediately after
intravitreal injection of NMDA in rats [51]. BDNF injected
into the retina may be internalized by retinal ganglion neurons
and transported to the SC, where BDNF may be released and

transferred to the postsynaptic neurons [52]. In the present
study, therefore, the BDNF expression we detected may be
derived from GFAP-positive astroglial cells and/or from
retinal ganglion neurons.

In this experiment, we could not clarify the detailed role
of BDNF expressed in the SC after NMDA injection. In a
previous study, polysialylated neural cell adhesion molecule,
which contributes to nervous system plasticity, was expressed
in the normal adult murine SC after RGC injury and involved
in attempted visual system remodeling [53]. The BDNF gene
transferred into RGC by electroporation or BDNF injected
into the SC could prevent RGC loss after axotomy [54,55].
Further studies are needed to clarify the precise roles

Figure 5. Colocalization of BDNF with GFAP by double immunofluorescence. A: Schematic drawing shows the coronal section through the
level of the superior colliculus (SC; bregma −3.40 mm) in mice. The boxed area is the region of the superficial layer in the contralateral SC.
Representative photographs show brain-derived neurotrophic factor (BDNF; B and C) and glial fibrillary acid protein (GFAP; D and E)
immunostaining, and BDNF/GFAP (F and G) double-immunostaining of the contralateral SC at 30 days after intravitreal N-methyl-D-aspartate
(NMDA) injection in mice. Some BDNF-expressing cells (B and C, green) were colocalized with GFAP-positive astroglial cells (D and E,
red), as indicated by the yellow color in F (merge of B and D) and G (merge of C and E). The scale bars represents 50 µm (B, D, and F) or
10 µm (C, E, and G).
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performed by BDNF in the SC during the processes leading
to SC damage following NMDA injection.

In conclusion, we found that time-dependent
morphological alterations and increases in the expression of
BDNF occurred in the murine SC following NMDA-induced
retinal damage. These findings may provide useful
information concerning the pathological mechanisms of
several disorders accompanied by retinal degeneration.
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