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INTRODUCTION

The Nitric Oxide (NO) is an essen-
tial regulatory molecule in vascular
tone and integrity 26. previous studies
has supported the role of NO in re-
modeling of axons arbors and acts as
an activity dependent retrograde sig-
nal during the refinement of visual
connections 14,4 &5,

Recently, it was found that NO has
been implicated in retinal pathogene-
sis of retinal vasculogenesis in devel-
opment of retinal neovascularization
(NV) in ischemic retinopathies 11,

NADPH-diaphorase reaction re-
flects NOS activity in the retina and
neural tissue 3 17, 1,2, 13,6, 16, 20
& 7. NADPH-diaphorase staining neu-
rons, have been localized with neu-
rons in the brain and peripheral tissue
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containing nitric oxide synthase,
which generates NO. NADPH- dia-
phorase staining are localized in
the pedunculopontine nucleus and
colocalized in amacrine cells of the
inner nuclear layer and ganglion cells
of the retina 7. NADPH-diaphorase
has been shown to be a reliable

marker of nNOS activity in neuronal
tissue 16 & 1,

NADPH-diaphorase reaction was,
therefore used in this study for localiz-
ing the development of retinal vascu-
lature as well as any related neuronal
tissue.

MATERIAL AND METHODS
Twenty postnatal mice were used
in this study. The mice were main-
tained on a 12 hours light / 12 hours
dark cycle and maintained under pa-
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thogen-free conditions.

The selected age groups were
postnatal day 5 (P5), P7, P9, P14 and
P30. Four mice were sacrificed at as-
signed dates by CO2 inhalation. The
eye balls were removed, the cornea
were opened and then fixed in 4%
paraformaldehyde in 0.1 M PBS pH
7.4 at 4°C. The lens and cornea were
removed and the retina was dissected
free from retinal pigment epithelium.

NADPH-diaphorase staining :
NADPH-diaphorase (NADPH-d)
staining was done on:

A. flat mounted retina:

Mice were sacrificed with CO2
inhalation. Eyeballs were removed,
then fixed in 4% paraformaldehyde
in 0.1 M Phosphate buffer saline
(PBS) pH 7.6 at 4°C. The lens and
cornea were removed and the retina
was dissected free of retinal pigment
epithelium. Retinas were then fixed
for 2 hours in 4% paraformaldehyde
in 0.1 M. phosphate buffered saline
(pH 7.6), washed 3 times 10 minutes
each in Tris buffer (pH 7.6). They
were then left for 2 hours in 5% Triton
X-100 in Tris buffer (pH 7.6). Retinal
tissues were then reacted for
NADPH-d using 0.25 mg/ml nitroblue
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tetrazolium (NBT), 1 mg/mi _-NADPH
(Sigma) and 0.5% Triton X-100 in 0.1
MPB at 37°C for 1 hour 23, Retinas
were then mounted on gelatinized
slides from 1% gelatin solution and
coverslipped with glycerol. After the
retina attached to the slides the cov-
erslips were removed by soaking the
slides in PBS. Retinas were then de-
hydrated in ascending grades of alco-
hol (30%, 50%, 70%, 95%, and
100%) followed by 2 changes of xy-
lene. Thereafter, the tissues were
coverslipped with permount. Camera
Lucida was used to project the image
on the digital planimeter and count
the numbers of NADPH-d-positive
cells. 4-8 systematically selected 1
mm?2 square areas in each retina be-
ginning at 200 um from the optic disc
and continuing to the ora serra-
ta.Then the NADPH-d-positive ama-
crine-like cells were counted in each
square and calculated cell density /
cmz2.

b. Retinal cryostat frozen sec-
tions:

Frozen sections were done to
study the relation between NOS pro-
ducing cells and developing vessels.
The sections of 12 um were incubated
in Tris buffer (pH 7.6) with 2% Triton
X-100 for 1 hour. Cryosections were
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initially enzymatically processed for
NADPH-diaphorase staining using
previously described method, and
were then incubated with the different
antibodies (sst2A, sst2B, TH, PKC,
calbindin, and recoverin). The sec-
tions were mounted with mounting
medium for fluorescence, then dehy-
drated and coverslipped with per-
mount and examined by light micros-
copy.

RESULTS

A) NADPH-diaphorase stained
sections of flat mounted retina : a.
At P5 : There is no obvious NADPH-d
activity (Fig. 1). b. At P7 : Weak radial
NADPH-d reaction in larger vessels
and in few small neurons was noticed
(Fig. 2). c. At P9 : Numerous weak
NADPH-d reaction was seen in the
blood vessels with positive activity in
few neurons (Fig. 3). d. At P14:
Strong NAPH-d reaction was seen in
the large vessels and the nearby neu-
rons. NADPH-d activity was seen in
the developing capillaries (Fig. 4).
Positive reaction was also seen in
many cell bodies and their processes.
They varied in shape from rounded to
oval bodies. Some of their processes
varied from single to multiple process-
es. Some of the reactive processes
were seen to terminate in contact with

the large vessels (Figs 6, 7, 8, 9, 10 &
11). e. At P30 : Stronger NADPH-d
reaction was seen in the blood ves-
sels and capillaries. Many neurons
showed activity, but the cells closely
related to the blood vessels were the
most reactive to NADPH-d (Fig. 5).
Two evident different shapes of
NADPH-d reactive cells appeared:
cells with round soma (Fig. 12) and
cells with oval soma (Fig. 13) with no
reaction in their processes.

B) NADPH-diaphorase retinal
frozen sections: a. At P5 : An obvi-
ous NADPH-d activity was seen in
nerve fiber layer, ganglion cells and
inner plexiform layers (Fig. 14). b. At
P7: Some cells showed weak
NADPH-d reaction located in the in-
ner border of the nuclear layer, but
more evident in inner nuclear cells
(Fig. 15). c. At P9 : There was an in-
crease in the NADPH-d activity in dif-
ferent layers of the retina especially in
neurons. Also these cells showed an
increase in their number (Fig. 186). d.
At P14 : This age showed strong
NADPH-d reaction in the retinal ves-
sels, ganglion cells and neuron cells
of inner nuclear layer. There was an
increase in number of neuron cells
and their processes extended to the
inner plexiform layer (Fig. 17). e. At
P30 : Stronger NADPH-d reaction
was seen in the blood vessels, but
decreased in neuron cells (Fig. 18).
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Fig. 1 : NADPH-d stained flat mount-

ed retina from P5, there is
no obvious NADPH-d activi-
ty. ( X50 )

NADPH-d stained flat mount-
ed retina from P7, shows
weak NADPH-d reaction in
larger vessels (arrowhead)
and in few small neurons
(arrows). ( X 125 )
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Fig. 3 : NADPH-d stained flat mount-

ed retina from P9, notice
weak NADPH-d activity in
larger vessels (arrowhead)
and weak reaction in few
small neurons nearby the
blood vessels (arrows). ( X
50 )

Fig. 4 : NADPH-d stained flat mount-
ed retina from P14, shows
strong diaphorase reaction

in large vessels
(arrowheads) and nearby
few small neurons (arrows).
( X50 )
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Fig. 5 : NADPH-d stained flat mount-
ed retina from P30, showing
stronger NADPH-d reaction
in large blood vessels and
capillaries (arrowheads).
Also strong activity in neu-
ron cells closely related to
blood vessels (arrows). ( X

50 )

%

Fig. 6 : NADPH-d stained flat mount-
ed retina from P7, showing
strong NADOH-d positive
round cells. { X 500)

Fig. 7 : NADPH-d stained flat mount-
ed retina from P14, shows
NADPH-d positive reaction
seen in cell bodies and in a
single process. ( X 500 )

e
a‘f“ Y

Fig. 8 : NADPH-d stained flat mount-
ed retina from P14, showing
NADPH-d reactive round
cell body with multiple reac-
tive primary processes divid-
ing into reactive secondary
processes. ( X 500 )
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Fig. 9 : NADPH-d stained flat mount-  Fig. 11 : NADPH-d stained flat mount-
ed retina from P14, showing ed retina from P14, showing
NADPH-d reactive in some positive NADPH-d reaction
of reactive processes ap- in unipolar reactive process.
pear to terminate in contact ( X500 )
with large vessels.( X 500 )

%

ol fig. 12 : NADPH-d stained flat mount-

Fig. 10 : NADPH-d stained flat mount- ed retina from P30, note
ed retina from P14, showing NADPH-d reaction in cells
positive NADPH-d reaction with round soma (Fig. 23,
in oval cell body. ( X 500 ) H). ( X500 )
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Fig. 13 : NADPH-d stained flat mount-

Fig. 14 :
frozen section from PS5,
shows NADPH-d activity in
nerve fiber layer (NF), gang-
lion cells (G) and inner plexi-
form (IP). ( X 100 )

.

ed retina from P30, note
NADPH-d reaction in cell
with oval stoma. ( X 500 )

NADPH-d stained retinal
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Fig. 15 : NADPH-d stained retinal fro-

zen section from P7, shows
weak NADPH-d reactive
cells (a) located in the inner
nuclear layer, but intense re-
activity is evident in the in-
ner nuclear layer cells (b).
( X400 )

Fig. 16 : NADPH-d stained retinal fro-

zen section from P9, shows
NADPH-d activity in different
layers of retina especially
in neuron like-cells (arrows)
and their number increased.
Note also the reactive
Muller cell’s processes (M).
( X 400 )
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Fig. 17 : NADPH-d stained retinal fro-
zen section from P14,
shows NADPH-d reaction
evident in retinal vessels
(arrowheads) in ganglion
cells (G) and in neuron like-
cells (arrows) which in-
creased in numbers. Note
also its apparent processes
extending to inner plexiform
layer. ( X 400 )

DISCUSSION

NAPH-d histochemistry showed
beginning of NADPH-d activity in the
retinal vessels and few neurons at P7.
By P9, numerous diaphorase — posi-
tive cells with neuron like morphology
were evident. This is concomitant with
studies of on developing lung10. They
noticed that endothelial NOS (eNOS)
is present very early in developing ca-
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Fig. 18 : NADPH-d stained retinal fro-
zen section from P30,
shows stronger NADPH-d
reaction in the retinal ves-
sels (arrowheads) and de-
crease in neuron like-cells
(arrows). ( X100 )

pillaries but decreased postnatally.
Also, it was demonstrated that the an-
giogenic effect of NO- donors on cul-
tured endothelial cells in vivo22 & 27,
These results suggested that NOS
activity is upregulated in the blood
vessels and neurons of retina during
the critical period of angiogenesis (P7
- P9), where the deep retinal vessels
begin to sprout from superficial ves-
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sels 28 & 15 However, it was found
that, NO didn't involve or establish
any role in retinal angiogenesis2S.

At P14, stronger NADPH-d reac-
tion was noticed in the larger vessels,
the nearby neurons and in the devel-
oping capillaries. This activity in-
creased and became stronger at P30.
Many of NADPH-d neuronal activity
increased in nerve cells closely relat-
ed to blood vessels. Also, increased
in numbers of NADPH-d reactive cells
in retina at P14 — P30. It is suggested
that the activity of nNOS is important
for normal vascular development in
the mouse retina and for maintaining
adequate oxygen delivery during reti-
nal metabolic activity. Expression of
the VEGF receptors VEGFR-1 and
VEGFR-2 has been demonstrated
within extravascular neural cells of the
developing mouse retina and in cul-
tured Muller glial cells 18, Thus,
VEGF could induce nNOS activation
and NO production in the retinas via
activation of VEGFR-2 in perivascular
neurons and/or glia.

It is demonstrated that strong
NADPH-d activity up-regulated in
larger vessels and begins to be evi-
dent at P14, which is about the same
time when the visual activity begins in

mice, this is because of increased
vascular NOS activity 21. This corre-
lation between the vascular NOS ac-
tivity and visual activity when photore-
ceptors differentiation and activity
begin suggests that. NO produced by
eNOS is involved in maintaining reti-
nal blood flow to supply the metaboli-
cally active photoreceptors 12 & 24,

The results of this study indicate
that there is a close relation between
the NOS active neurons and the de-
veloping vessels. Some of these neu-
rons send NOS active processes into
close proximity with blood vessels.
So, any involvement of both endothe-
lial and neural NOS in the angiogenic
stage of vascular development, will in-
volve the other in regulation of the
blood flow18 & 9,

So. these findings suggest that
there is a compensatory activity of
neuronal and endothelial NOS, is im-
portant for normal vascular develop-
ment in mouse retina and for main-
taining the adequate oxygen
supplying during retinal metabolic ac-
tivity. Thus NO production in mice ret-
inas as noticed from increased
NAPH-d reaction indicates activation
of perivascular NADPH-d reactivity
was associated with larger vessels of
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retina. The number of neuron like-
cells showing NADPH-d reaction in-
creased from P9 — P14. Moreover the
processes of these NADPH-d reactive
neurons like- cells were often close to
the blood vessels 21, 19 & 18 The
physiological significance of this dif-
ference is unclear. Recent studies
suggest that both superficial and deep
vascular networks are formed by the
same mechanism of angiogenic
sprouting 8 & 9. So, Further investiga-
tion is required to specify the cells re-
sponsible for the vascular-associated
nNOS expression in the retina and
also to show whether or not endothe-
lial cells in mice are able to express
nNOS. Further studies are needed to
investigate this issue.

SUMMARY

This work was done to localize
NADPH- diaphorase distribution / ac-
tivity in the retinal blood vessels and
developing neurons. NADPH-d has
been shown to be reliable marker of
nNOS activity in neuronal tissue. The
mice were sacrificed at postnatal days
5 (P5), P7, P9, P14 and P30. Their
eyes were thoroughly dissected out
and their retinas were prepared for
NADPH-d stained flat mounted retina
and for NADPH-d stained retinal fro-
zen sections (to follow NOS activity in
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different layers and structures of reti-
na).

NADPH-d stained flat mounted ret-
inas of mice showed diaphorase ac-
tivity beginning at P7. Weak activity
was seen in large vessels and in few
neurons. By P9, numerous diapho-
rase positive cells with neuron- like
morphology were evident. At P14 and
P30, the reaction in the larger vessels
was stronger and diaphorase activity
was also evident within the microvas-
culature. Many of diaphorase- positive
cells were closely related to the blood
vessels.

The frozen sections showed simi-
lar distributions of NADPH-d activity in
the retinas in the nerve fiber layer, in-
ner nuclear layer and both inner and
outer plexiform layers.
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