Amelioration of Photic Injury in Raf Retina by
Ascorbic Acid: A Histopafthologic Study
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It has been postulated that ascorbic acid may help to protect the retina from oxidative insult by light.
To confirm this hypothesis, the authors compared light-damaged retinas of rats with or without ascorbate
supplement by morphologic and morphometric studies at different time periods after light exposure. No
dramatic morphologic differences were observed in the photoreceptor-retinal pigment epithelium complex
between the two groups six hr after light exposure to 200 to 250-foot candles of visible light. Six to 13
days after 24 hr of exposure, the retina of rats that received ascorbate supplement showed significantly
less severe damage than the retina of unsupplemented rats. The superior and temporal quadrants of the
retina appeared to be most susceptible to the light damage when comparing rats with or without ascorbate
supplement. These findings suggested that ascorbate ameliorates the photic injury in rat retina. Invest
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Although the mechanisms of photic injury to the
retina have not been determined definitely, oxidative
reaction is believed to play an important role.!? Light
acts on some photo-excitable components in the retina
to produce superoxide radicals, which may induce
plasma membrane injury. It is postulated that, as a
natural antioxidant, ascorbic acid may neutralize these
superoxide radicals and provide protection for the
retina®= and other tissues such as lens and brain, which
contain abundant ascorbic acid.®’ In a previous report,
we exposed guinea pig and baboon retinas to light and
observed that the reduced ascorbate in the retina was
decreased,>* suggesting that ascorbate may indeed be
involved in retinal photic injury. Organisciak et al
noted that after light injury, less rhodopsin remained
in the retina of rats fed on a normal diet compared
with rats that received vitamin C supplement. They
suggested that supplemental ascorbic acid may ame-
liorate the light damage in the rat retina.’ To confirm
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this hypothesis, we compared the light-induced patho-
logic changes of the retina of rats fed on a normal diet
with rats that received vitamin C supplement. Results
of morphologic and morphometric studies demon-
strated ameliorative effects of ascorbic acid on light
damage to the rat retina.

Materials and Methods

Sixteen 21-day-old albino rats were kept in a 12-hr
cycle of 5-foot candle light and darkness and were fed
a normal diet adlibitum for 30 days before the exper-
iment. Before exposure to intense visible light, rats were
dark adapted for 16 to 18 hr. Eight rats were injected
intraperitoneally with a dose of 0.5 g/kg of ascorbic
acid 24 hr before and just before intense light exposure.
Six rats fed a normal diet and six rats that received
ascorbic acid supplement were exposed to green-filtered
fluorescent light (Plexiglas #2092 filter; Polycast Tech-
nology Corp.; Stamford; CT) of 200 to 250 foot candles
for 24 hr. Normal rat were paired with ascorbate-treated
rat during light exposure. Following light exposure, the
animals were returned to a totally dark environment.
Four rats, two fed a normal diet and two that received
ascorbic acid supplement, were kept in a cyclic light
environment as controls.

The rats were killed six hr, six days, and 13 days
after light exposure. The right eyes were removed for
rhodopsin measurement.® The left eyes were placed
into 4% paraformaldehyde and 1% glutaraldehyde in
phosphate buffer fixative overnight and shipped by air
express at 4°C from Ohio to Chicago. Immediately
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Fig. 1. Rat retina afier light exposure. The photomicrographs were taken from most representative areas of each experimental group. Six
hours after light exposure, the retina of a rat fed on a normal diet (4) shows scattered pyknotic nuclei with densified and granular inner and
outer scgments, and the retina of a rat treated with vitamin C supplement (8) exhibits mild disorganization of the photoreceptor clements, Six
days after light exposure, the retina of a rat fed on a normal diet (C) shows moderate loss of photoreceptor nuclei with extensive loss of
photoreceptor elements, and the retina of a rat that received vitamin C supplement (D) shows mild disorganization of inner and outer photoreceptor
segments. Macrophages have migrated into the subretinal space (arrow). Thirteen days after light exposure, the retina of a rat fed on a normal
diet (E) shows a few remaining pyknotic photoreceptor nuclei, and the retina of rat treated with vitamin C supplement (F) demonstrates the
recovery of most photoreceptor cells. Irregular photoreceptor elements are present in some areas. (X280)

upon receipt, the anterior segments of the eyes were
removed. The posterior segments were divided into a
superior, inferior, nasmal and temporal quadrants, os-
micated and processed for light and electron micros-
copy. To assess loss of photoreceptor cells quantita-
tively, the number of photoreceptor nuclei per vertical
column in the outer nuclear layer were counted at loci
0.178 mm apart at a magnification of 450 times with
an eyepiece micrometer (American Optical Co.).” The
counts were collected from the four quadrants of the
posterior segment of each eye, which included retina
extending from the posterior pole to the ora serrata.
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Two eyes were studied histopathologically and mor-
phometrically per group. The regional differences in
light damage by quadrants were examined in all ex-
perimental rats with or without vitamin C supplement.
The counts of photoreceptor nuclei on a vertical col-
umn of each pair of rats were plotted on graphs for
comparison.

Statistical significance was determined by two-way
analysis of variance, using the fixed effects model.'® All
procedures involving animals were performed accord-
ing to policies set forth in the ARVO Resolution on
the Use of Animals in Research.
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Fig. 2. (A) Six hours after light exposure, retinal pigment epithelium (RPE) and outer photoreceptor elements from rats fed on a normal diet
showing moderate disorganization of the outer segments with abundant phagocytosis of outer segments by the RPE. (B) Six hours afier light
exposure, the retina of a rat that received vitamin C supplement exhibits mild derangement of the outer segments. The RPE appears unremarkable.
(X7500)

Results

Light and electron microscopic studies six hr after
light exposure showed the retinal pigment epithelium
(RPE) of rats fed on a normal diet to have numerous
phagosomes containing outer segment fragments (Fig.
1A and 2A). The lamellas of the outer segments of
photoreceptor cells were mildly densified and disor-
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ganized with densification of inner segments, and there
were scattered, shrunken, pyknotic photoreceptor nu-
clei (Fig. 2A and 3). The rats that received vitamin C
supplement showed only mild disorganization of the
photoreceptor elements {Fig. |B and 2B).

With increasing time afier exposure to light, the al-
terations of the outer retinal layers became more severe
in the rats fed on a normal diet. Six days after light
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Fig. 3. Six hours after light exposure, the retina of a rat fed on
normal dict exhibits disorganized outer segments of photoreceptor
cells with densification of inner segments and a few pyknotic pho-
toreceptor nuclei. (%35500)

exposure, photoreceptor nuclei were markedly de-
creased with extensive loss of photoreceptor elements
(Fig. 1C). By electron microscopy, RPE showed mod-
erate swelling with dilated smooth endoplasmic retic-
ulum. The choroid and subretinal space demonstrated
an infiltration of mononuclear cells (Figs. 4 and 5). In
focal areas, the RPE was degenerated, and inner and
outer segments of photoreceptor cells had disappeared.
These alterations of the photoreceptor cells were com-
paratively mild in rats that received vitamin C supple-
ment; however, occasional macrophages were noted in
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the subretinal space (Fig. 1D), and the choroidal cap-
illaries had produced multiple layers of basement
membrane (Fig. 6).

Thirteen days after light exposure, the photoreceptor
cells of rats fed on a normal diet showed severe damage
(Fig. 1E). A few pyknotic photoreceptor nuclei re-
mained. In focal area the RPE was necrotic, and rem-
nant of inner segments of the photoreceptor cells lay
close to Bruch's membrane. In the other area, frag-
ments of outer segments persisted but were distorted
(Fig. 7). The rats that received vitamin C supplement
exhibited only moderate reactive proliferation of the
RPE with edema (Fig. 8A). Most of the photoreceptors
appeared intact (Fig. 8B), even though mild irregular
photoreceptor elements were present focally (Fig. 1F).

The above morphologic observations depicted the
representative retinal changes after photic injury, but
the severity of damage varied in individual animals, as
well as in different regions of the eye. To further delin-
eate the retinal injury, we studied quantitatively the
loss of photoreceptor nuclei.

The bar graph in Figure 9 shows the severity of loss
of photoreceptor cells in different periods after light
exposure. There is a greater reduction in the number
of nuclei in the outer nuclear layer in the rats fed on
a normal diet than in those that received vitamin C
supplement after light exposure. _

The mean number of photoreceptor nuclei per col-
umn in the outer nuclear layer was 9.03 in normal rats
fed on a normal diet and 9.43 in rats that received
vitamin C supplement. Six hr after light exposure, the
mean number of photoreceptor nuclei was 7.85 in rats
fed on a normal diet and 8.55 in rats that received
vitamin C supplement. No statistical difference be-
tween these two groups was noted. Six days after light
exposure, the mean number of photoreceptor nuclei
in rats fed on a normal diet decreased to 4.27. However,
the rats that received vitamin C supplement had 7.35
nuclei per column. Thirteen days afier light exposure,
the mean number of photoreceptor nuclei was 5.19 in
rats fed on a normal diet and 7.14 in rats that received
vitamin C supplement. These results correlate with
rhodopsin measurements in a separate communica-
tion.® Two-way analysis of variance shows that the av-
erage loss of photoreceptor cells was significantly related
to treatment with vitamin C (P = 0.00095).

The regional differences in light damage were ex-
amined by comparing pairs of rats with or without vi-
tamin C supplement. No regional differences were
noted in rats killed six hr afier light exposure. Signifi-
cant differences were noted in rats killed 6 days and
13 days after light exposure. A pair of rats with or with-
out vitamin C supplement killed 13 days after light
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Fig. 4. Six days after light exposure, the retinal pigment epithelium from a rat fed on normal diet shows dilated smaoth endoplasmic reticulum
and loss of basal infolding. There are mononuclear cells in the choroid and in the subretinal space {(arrow). (X7600)

exposure is shown in Figure 10. Susceptibility of pho-
toreceptor cells varied with region; the most severe
damage was in the superior and temporal quadrants.
The difference of reduction in the number of photo-
receptor nuclei in the retinas of rats with or without
vitamin C supplement was also most pronounced in
the superior and temporal quadrants of the retina. The
rats killed 6 days and 13 days showed comparable dif-
ferences.

Discussion

Noell postulated that the pathologic process of photic
injury may involve lipid peroxidation.' Ascorbate,
which is present in high concentrations in the retina''"-'*
may act as a natural antioxidant to neutralize super-
oxide radicals generated during photic insult of the ret-
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ina. Woodford, Tso, and Lam noted that reduced as-
corbate in the normal retina decreased and dehydroas-
corbic acid increased after mild photic exposure in
guinea pigs and baboons.>* Organisciak, Wang, and
Kou showed that reduced retinal ascorbate decreased
after 24 hr of light exposure in 50- to 60-day-old rats.’
Thus, the possible role of ascorbate as an antioxidant
must be seriously considered. In our study, scattered
pyknotic photoreceptor nuclei and RPE phagocytosis
of degenerated outer segments were noted in rats with
ascorbate supplement and suggested that ascorbate
could not provide total protection to mild retinal photic
injury.

Six to 13 days after light exposure, the damage be-
came very severe in rats fed with a normal diet; there
was extensive loss of photoreceptor nuclei and inner
and outer segments and necrosis of the RPE. Rats sup-
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plemented with ascorbate, however, showed only mild
loss of photoreceptor cells, subtle disorganization of
photoreceptor cell outer segments, and infiltration of
occasional subretinal macrophages. The morphologic
and morphometric studies in this report suggested that
the damage of photoreceptor cells could be ameliorated
by ascorbic acid supplement. These findings corre-
sponded well with those of Organisciak et al that more
rhodopsin remained in the retina of rats that received
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Fig. 5. Six days after light
exposure, the retina of a rat
fed on normal diet demon-
strates more severe injury
than shown in Fig. 4, evi-
denced by focal area degen-
eration of the retinal pigment
epithelium (RPE) and dis-
appearance of inner and
outer segments of photore-
ceplor cells. Macrophages
(M) have migrated into the
subrectinal space. The outer
limiting membrane (arrow) is
disrupted. (X6700)

ascorbate supplement than in the retina of unsupple-
mented rats.>8

However, mild morphologic differences were ob-
served in the photoreceptor-RPE complex in rats with
or without ascorbate supplement six hr after light ex-
posure. In rats without ascorbate supplement, light
damage in the retina worsened in the dark phase after
exposure. The protective function of ascorbate may be
present at the cellular level during light exposure, but



Fig. 6. Six days afier light exposure, the retina from a rat with vitamin C supplement has relatively intact photoreceptor cells (4 X4700) and
retinal pigment epithelium (B X11,000). Occasionally the endothelial cells of the choriocapillaris show an increased laying down of basement
membranc-like materials (arrow). (inscrt % 14,000)

Fig. 7. Thirteen days after light exposure, the retina from a rat fed on normal diet has a necrotic retinal pigment epithelium. There is a loss
of outer segments. Remnants of a photoreceptor cell, possibly a cone celi, and its inner segment (IS) lie close to Bruch’s membrane (BM). Outer
limiting membrane (OLM) is distorted (x8500). /nset: In focal areas of the retina, fragments of distorted outer segments of photoreceptor cells
persist. (X12,500)
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Fig. 8. Thirteen days after light exposure, (4) the retinal pigment epithelium from a rat treated with vitamin C supplement has proliferated
into two layers. The RPE cell A sitting on Bruch’s membrane has watery cytoplasm, while the proliferated RPE cell B has dense cytoplasm and
abundant smooth surface endoplasmic reticulum (ER). (X17.000); {B) the photoreceptor elements are largely intact. (X 18,000)

without showing morphologic manifestations in the
early stage of photic injury. The functions of ascorbate
in the reparative process of the photoreceptor cells and
RPE are currently being investigated in our laborato-
ries.

Noteworthy was the observation that the light-dam-
aged areas in the retina changed abruptly into normal
areas. In these normal areas, intact RPE and photo-
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receptors were seen; in the damaged areas, the RPE
was flattened, atrophic, or extensively degenerated. In
his study of photic injury to rat retina, Kuwabara'?
postulated that the survival of the photoreceptor cells
depended on the preservation of the RPE. The role of
the RPE in light damage in the rat needs further study.

In our regional study (Fig. 10), we noted the most
severe damage to be in the superior and temporal
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Fig. 9. Loss of photoreceptor cells in different periods after light
exposure. There is a greater reduction in the number of nuclei in the
outer nuclear layer in rats fed on a normal diet than in the rats treated
with vitamin C supplement. The most severe loss of photoreceptor
nuclei occurred in 6 to 13 days. The measurements were average of
four quadrants of two retinas. The variability is indicated by standard
deviation. N = rats fed on normal diet; +C = rats treated with vitamin
C supplement.
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quadrants of the retina in rats fed on a normal diet,
findings which are comparable with the reports of
Noell,'> Williams,'® and Rapp.®

In contrast to humans, who require exogenous vi-
tamin C, rats produce endogenous vitamin C. How-
ever, the rat retina has been documented in the liter-
ature to show marked susceptibility to photic injury
and, as such, may still provide a reasonable model for
the study of photic injury and ascorbate supplement.

Key words: ascorbate, rat retina, retinal pigment epithelium,
photic injury, lipid peroxidation
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