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Removal of the cortical projections alters expression of NOS
in the different cell types of the superficial layers
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ABSTRACT

Nitric oxide has several biological roles and nitric oxide synthase (NOS) is expressed in the nervous system,
and co-localizes with NADPH-diaphorase. The superficial layers of the superior colliculus (SC), which
receive retinal and cortical inputs, present NADPH-d staining in a sub-population of neurons that include all
cell types. We have previously shown, by NADPH-diaphorase, that eye enucleation alters the intracellular
distribution of NOS. Here, we studied the effect of cortical ablation on NOS expression by neuronsin collicular
superficial layers. Our results show that cortical ablation alters the proportion of different NOS-positive cell
types, but not the intracellular distribution of the enzyme.

Key words: superior colliculus, nitric oxide, visual cortex, NADPH-diaphorase.

INTRODUCTION visual system. Light deprivation enhances NOS

Nitric oxide (NO) is a gas that plays several rolesaclt'v'ty in the I.ateral genlculate nucleus (LGN) of
mice and rabbits (lentile et al. 1996) and enhances

in the central nervous system. Nitric oxide synthase T
(NOS) is highly expressed in the nervous Sys,[emNADPH-d staining in the LGN of cats (Gunluk et

and NADPH-diaphorase staining is highly corre- al. 1994). Monocular enucleation also alters NOS

lated with NOS activity (Bredt et al. 1991, Daw- distribution in the monkey visual cortex (Aoki
son et al. 1991, Hope et al. 1991, Matsumoto et al.et al. 1993_)' ) )
In previous studies we have shown in rats that

1993). Despite of being a constitutive enzyme, neu-

ronal NOS activity and its sub cellular distribution the removal of the retinocollicular projections by

. . enucleation lead to an alteration of intracellular dis-
appears to be actively regulated at multiple levels

(Vincent 1995). tribution of NADPH-d staining in NOS positive neu-

Results form different laboratories suggest thatro’n.s atthe superior colliculus s.u.perﬁmal layers (Te-
. S . - . norio et al. 1998). The superficial layers of the SC
retinal projections and/or its neural activity might

. . . . Iso receive an input from cortical pyramidal cell
have a role in the expression of this enzyme in the?'>0 FECEIVe an input from cortical pyra dal cells

of ipsilateral visual cortex (Bolz et al. 1991). To
*Member of Academia Brasileira de Ciéncias investigate whether cortical projections have some
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lus superficial layers, we studied the patterna x2-test for k independent samples; critical values
of NADPH-d staining in neurons from these layers of p<0.001 were used for analyses.

in animals in which the normal pattern of cortico-
collicular projections was disturbed by removal of
the visual cortex.

RESULTSAND DISCUSSION

Previously we have shown that eye enucleation do
not interfere with the temporal sequence of NOS ex-
pression in the rat SC superficial layers, although it
Lister rats from our breeding colony were used. All alters the intracellular distribution of this enzyme by
chemicals were purchased from Sigma Chemicathese cells (Tenério et al. 1998). After removal of
Co. (St. Louis, MO). Newborn animals (PO) were the retinal projections the SC superficial layers still
anaesthetized by hypothermia to be submitted to vireceive projections from the ipsilateral visual cor-
sual cortex removal surgery (n=5). An incision wastex. The removal of these collicular afferents could
made at the top of the head. The skull was openedrigin different changes, from those seem in enucle-
and the region corresponding to the left occipitalated animals, in the pattern of NOS expression by
cortex was aspirated with a pipette tip attached to aneurons of the SC superficial layers.

pump. The left SC was the experimental one and Our results showed no significant difference in
the right SC of the same animal was used as th¢he general pattern of NADPH-d staining between
control. The animals were sutured and returned tdhe deafferented and the afferented SC (Fig.1). The
their mother after recovering from the surgery. Instaining pattern in these animals was also very sim-
addition, control animals (n=9) were used for com-ilar to the pattern described in control animals SC
parison. Atages between P30 and P60, animals wer@on operated) (data not shown). In normal animals
anaesthetized with sodium pentobarbital (50mg/kgwe have demonstrated that (Tendrio et al. 1996),
and intracardially perfused with 0.9% saline solutiona sub-population of all the different cell types de-
followed by 4% paraformaldehyde (PF) in 100mM scribed with the Golgi staining in the rat SC (Langer
phosphate buffer (pH 7.4). After dissection, theand Lund 1974) expressed NOS (Tendrio et al.
brains were immersed in 100mM phosphate bufferl996). The same cell types were also stained in both
containing 20% sucrose, overnight &C4and then deafferented and afferented SC of the ablated ani-
sectioned at 60m on a cryostat at —2C in the  mals. However, cell counts in normal and ablated
coronal or parasagital planes. Sections containingnimals revealed that the proportion of NADPH-d
the SC were collected in 50 mM Tris buffer (pH stained cells was altered in relation to the differ-
7.4), washed twice in this buffer and submitted toent cell types (Table I). Narrow field vertical cells
NADPH-d histochemistry technique. After 1h at showed a marked decrease (54.6%) in their propor-
37°C under constant shaking, reaction was interion in relation to other cells types when comparing
rupted, sections were washed twice in Tris buffercontrol and ablated animals. On the other hand,
and mounted in gelatinized slides. The slides withstellate cells are the ones that shown the more pro-
sections were dehydrated and coversliped. Photomiounced increase in proportion to other cell types
crographs were made using a Zeiss Axioplan micro4ripling their number. Type | and Il ganglion cells
scope. Cell counts were performed under a 40Xand horizontal cells (deep and surface) double their
objective. Four fields in sections of 4 animals of number in ablated animals in comparison to con-
each group were used. Piriform and wide field ver-trol animals (232.18%; 171.43%; 200.00% respec-
tical cells were included in the same group (gangliontively). Marginal, type Il ganglion cells and non-
cellstype | and Il). The differences between the con-classified cells showed no significant difference in
trol group and ablated animals were analyzed usingheir proportion in relation to the control group.

MATERIALSAND METHODS
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Fig. 1 — Photomicrograph of the superior colliculus of an animal P31 whose cortex was removed at P0O. (A) SC contralateral to the
removed cortex. (B) SC ipsilateral to the removed cortex. No significant difference was observed in the NADPH-d pattern. NOS was
present in the cell bodies and in dendrites of the cells. The neuropil is also stained in both SCs. Scaledmar: 100

TABLEI

Cdllular typesin control and experimental animals.

Cell type Control (%) | n | Ablated (%)| n

Marginal cell 22,89 195 22,00 190
Narrow field vertical cell* 42,96 366 23,25 200
Type | and Il ganglion cell* 10,21 87 23,45 202

Type Il ganglion cell 3,64 31 3,45 30
Stellate cell* 3,05 26 9,05 78
Surface horizontal cell* 1,64 14 2,70 24
Deep horizontal cell* 2,58 22 5,00 44
Non-classified cells 13,03 111 11,10 96
Total 100,00 852 100,00 860

P<0,001 ﬁ(z to k independent samples) differences between the control group and ablated
animals. *correspond to statistical differences.

The difference in the results between the abla-bly by activation of GABAergic neurons (Hirai and
tion of retinal afferents and cortical inputs shows thatOkada 1993). In various mammalian species, the
these projections might have different influences orSC superficial layers contain the highest amount of
the expression of NOS by SC cells and it is possibleGABA, and the main source of this neurotransmit-
to suggest that this difference might be correlateder in these layers is the large number of GABAergic
with different functional roles of these afferents. In interneurons (Mize et al. 1982, Okada 1974). We
fact, it has been shown that the ablation of visualhave previously shown that 20% of all NOS-positive
cortex facilitated induction of LTP in the SC super- cells in the rat SC superficial layers also expressed
ficial layers, indicating that the corticocollicular pro- GABA (Soares-Mota et al. 2001). It is difficult at
jection could have a modulatory function, blocking this time to establish any correlation between these
the enhancing of the synaptic transmission probaeata, and work in our lab is in progress to deter-
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mine which collicular cell types are double-stainedas proporg¢des dos diferentes tipos celulares ONS positivos
by NOS and GABA, and what are the effects of themas n&o a distribuicdo intracelular da ONS.
.abIaFlon of the V|§ual cortical and retinal afferents Palavras-chave: coliculo superior, 6xido nitrico, cortex
in this co-expression. However, results from Othervisual, NADPH-diaforase.
laboratories allow us to make some inferences. In
cats, the GABAergic neurons have the cortical pro-
jections as a very important synaptic source (Mize
1988). These cells were described as horizontal I,oox1 C, FenstEMAKER S, LUBIN M aND Go C-G.
granule | and granule Il and, by the morphological 1993. Nitric oxide synthase in the visual cortex of
similarities, they probably correspond to the super-  monocular monkeys as revealed by light and elec-
ficial horizontal and the ganglion cells, respectively, ~ tron microscopic immunocytochemistry. Brain Res
described in rats and found in our work. Our results ~ 620: 97-113.
showed that cortical ablation induces an increaseBorz J, HUBENER M, KEHRER I AND Novak N. 1991.
in the proportion of the NADPH-d stained cells of Structural organization and development of identified
these groups, in relation to control animals. Then  Proiection neuronsin primary visual cortex. Bag-
it is possible to suggest that the absence of cortical O P AND Hopos W (Eds), The Changing Visual

L L . System, New York: Plenum, pp. 233-246.
projections, which is an important source of synap-
tic input to these cells, directly induces an increasePREPT DS, GLATT CE, HWANG PM, FOTURI M, DAWSON
. . TM anND SNYDER SH. 1991. Nitric oxide synthase
in the NOS expression by them. However, there are ) : - )

. . . . . protein and mRNA are discretely localized in neu-

a few points against this conclusion. First, the affer- . .

. ] ) ronal populations of the mammalian CNS together
ent |nputs to th.e deep horizontal cells, the proportion with NADPH diaphorase. Neuron 7: 615-624.
of which also increases, are unknown. Second, al-

. . Dawson VL, DawsoN TM, LoNDoN ED, BREDT DS AND
though there are a large number of reports involving SNYDER SH. 1991. Nitric oxide mediates glutamate

the study of the sensory processing in the SC, the e\ rotoxicity in primary cortical cultures. Proc Natl
complete synaptic circuitry underlying SC function Acad Sci USA 88: 6368-6371.

remains not completely understood. So, it is also 5\, vk AE, BICKFORD ME AND SHERMAN SM. 1994,
possible that the effects we described after removal  rearing with monocular lid suture induces abnormal
of the cortical projection are due to indirect effects ~ NADPH-diaphorase staining in the lateral geniculate
of the absence of these projections onto SC cells. nucleus of cats. J Comp Neurol 350: 215-228.
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