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Summary. Recently ultraviolet light (UV) reaching the 
Earth's surface has been gradually increasing in amounts 
by the destruction of the ozone layers. Large parts of UV 
are absorbed in the cornea and lens, and only a few 
amounts reach the retina; however, the effect on the 
retina is not fully elucidated. 38 rats were irradiated 0.5- 
5.0 ~ / c m ~  UV from 6 to 50 times every 24 hours, and 
their retinal effects were investigated morphologicaily, 
immunohistochemically and immunochemically for 
superoxide dismutases (SOD). Morphologically, the 
destruction of rod outer segments (ROS) and 
dissociation of cell membranes between the pigment 
epithelial cells (PE) were already observed by 6 times 
0.5 ~ / c m ~  UV irradiations. As the doses of UV 
increased, heterochromatins and lipid droplets increased 
in the PE. Significant damage was not observed, except 
in ROS and PE. In normal retina, CuIZn SOD were 
mainly distributed from the inner limiting membrane 
(ILM) to the ganglion cell layer, and the PE; however, 
after 6 times 0.5 ~ / c m ~  UV irradiations, the distribution 
became widened from inner to outer plexiform layer 
(OPL). At that time, the concentrations of CuKn and Mn 
SOD increased in the retina. The present study reveals 
that the morphological damage caused by UV irradiation 
is observed in the ROS and PE, where no immuno- 
reactivities could be detected to CuIZn and Mn SOD. 
However, morphological damage was not from the ILM 
to OPL, where the imrnunoreactivities to both Cu/Zn and 
Mn SOD were observed. 
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lntroduction 

Although some solar ultraviolet light (UV) from 280 
to 400 nm (UV-A: 320-400 nm; UV-B: 280-320 nm) 
penetrates the stratospheric ozone and reaches the 
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Earth's surface, most of it is absorbed in the 
stratospheric ozone layers (Cutchis, 1974; DeLuisi and 
Harris, 1983). However, due to the recent destruction of 
the ozone layers, increasingly large amounts of UV have 
gradually begun reaching the Earth's surface. The 
threshold for UV-A to produce retinal lesions is about 
six times lower than that of visible light (Ham et al., 
1980). In addition, without the anterior segments of the 
eye, such as the cornea and lens, which protect the retina 
from much light damage, the retina is susceptible to 
damage by UV-A or short-wavelength visible light (Ham 
et al., 1980, 1982). Therefore, retinal effects caused by 
UV have been mainly investigated, using aphakic eyes 
(Ham et al., 1980, 1982). However, in the present study, 
the retinal lesions by UV were investigated in the natural 
situation, using phakic eyes. In addition, it has been 
thought that UV causes retinal lesions through oxygen- 
free radicals (Handelman and Dratz, 1986). One of the 
free radicals, superoxide anion radical, generated during 
the monovalent metabolic reduction of oxygen, to O2 
and H202 (Fridovich, 1974; MaCord and Fridovich, 
1969) is catalyzed by the superoxide dismutase. 
Therefore, the distribution and concentration of CuKn 
and Mn SOD in UV-irradiated retinas were studied 
immunohistochemically and immunochemically, and 
compared with those in the normal retinas. 

Materials and methods 

Forty Wistar rats (albino) about 10 weeks of age 
purchased from Japan Clea were used in the present 
study. The rats were housed with a 12-hour light (visible 
light) and 12-hour dark cycle for 1-2 weeks. Before the 
beginning of the dark cycle, thirty-eight rats were UV-A 
or UV-B irradiated from the 40 cm upper side of the 
cage, using a Dermaray (M-DMR-1, Eizai). Four non 
UV-irradiated retinas were used as controls. UV doses 
(watts) were measured by a UV Radiometer (UV-R 
3051365D (11 , Topcon), and the doses of 0.5, 1.0, 3.0 3 and 5.0 Jlcm were adjusted by the irradiation time of 
UV-A or UV-B. UV irradiations were repeated 6, 10, 
12, 15,25,30,35 and 50 times every 24 hours (Tables 1, 
2). 
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Table 1. The number of the UV-irradiated retinas for morphological 
study. 

Table 2. The number of the UV-irradiated retinas for immunohisto- 
chemical study. 

NUMBER OF 0.5 J/cm2 1.0 J/cm2 3.0 J/cm2 5.0 JIcrn2 
IRRADIATIONS UV-A UV-B UV-A UV-B UV-A UV-B UV-A UV-B 

6-1 O 2 2  2 2  1 1 1  
1 1-20 1 1  2 2 1 1  
21 -30 2 2 
31 -50 1 1  1 

NUMBER OF 0.5 J/cm2 1 .O J/cm2 3.0 J/cm2 5.0 J/cm2 

IRRADIATIONS UV-A UV-B UV-A UV-B UV-A UV-B UV-A UV-B 

6-10 3 3  2 2  1 1 1  
1 1-20 3 3  2 2  
21 -30 2 2  2 2  1 1  
31 -50 2 2  1 1  1 

Morphological procedure 

Immediately after the last UV irradiation, 26 retinas 
were anesthetized with pentobarbital solution (Table 1). 
They were briefly perfused with physiological saline by 
inserting a needle into the left ventricle, followed by 
perfusion with Schmechel's fixative (Schmechel et al., 
1980), composed of 4% paraformaldehyde, 1 % 
glutaraldehyde, 0.2% picric acid and 2% sucrose in 
0.1M sodium acetate buffer, pH 6.0. After perfusion, the 
eyes were enucleated and immersed in the same fixative. 
After fixation for half a day, the retinas were dissected 
and washed overnight in 50  mM Tris-HC1 (pH 7.6) 
containing 150mM NaCl. Specimens were then 
postfixed with 2% osmium tetroxide in 50mM Tris-HC1 
buffer (pH 7.6) for 1 hour, dehydrated in a series of 
graded ethyl alcohols and embedded in Epon 812. 
Ultrathin sections (70 nm) of the retinas were obtained 
using an ultramicrotome (MT-5000, Somal) with glass 
or diamond knives. The sections for electron microscopy 
were stained with uranyl acetate followed by lead citrate 
(Reynolds, 1963), then examined with an electron 
microscope (JEM, 1200 EX, JEOL) at 80 kV. 

lrnmunohistochemical procedure 

The 40 retinas were fixed by the same fixatives as in 
the morphological experiments (Table 2). Half a day 
after the fixation, they were transferred to 50mM Tris- 
HCI (pH 7.6) containing 150 mM NaCl and kept at 
4 *C. After dehydration in a series of graded ethyl 
alcohols, the specimens were placed in 0.3% H202 in 
absolute methanol for  30  minutes to block the 
endogenous peroxidase activity and then embedded in 
paraffin. 5 pm serial sections were-preped d w e r e  
immunostained by using CuIZn or Mn SOD antibody 
and the avidin-biotin-peroxidase complex (ABC) 
method of Hsu et al. (1981). The primary Cu/Zn or Mn 
SOD antibodies used in the present study are described 
elsewhere (Kurobe et al., 1990; Kurope and Kato, 1991). 
As controls, sections were incubated with normal rabbit 
serum or with preabsorbed antibody instead of the 
primary antibody, which gave no positive stainings. 

lmmunoassay procedure 

The 5 retinas of 6 times 0.5 ~ / c m ~  UV-A or UV-B 
irradiations were used for immunohistochemical study. 

Immediately after the last UV irradiation, the rats were 
anesthetized with pentobarbital solution and the retinas 
were dissected under the binocular microscope. Al1 
samples were kept frozen at -80 "C until analysis. The 
tissue was homogenized at O QC in a 10-volume of 50 
mM Tris-HCl (pH 7.5) containing 5 mM EDTA with a 
Physcotron homogenizer (NS-50, Niti-On, Chiba, 
Japan). The homogenates were centrifuged at 45,000 
rpm for 40 minutes, and soluble fraction was used for 
the assay of immunoreactive SOD. Polystyrene balls 
with immobilized antibodies were incubated in duplicate 
with shaking at 30  "C for 4 hours with 10 p1 of the 
standard SOD or samples in a final volume of 0.5 m1 
with lOmM sodium phosphate buffer (pH 7.0) 
containing 0.3M NaCl, 5mM MgCIZ, 0.1% bovine 
serum albumin, 0.5% protease treated gelatin (Kato et 
al., 1980) and 0.1% NaN3 (Buffer G). After aspirating 
reaction mixture, each polystyrene ball was washed 
twice in each tube with 2 ml of cold buffer A: lOmM 
sodium phosphate buffer (pH 7.0) containing 0.1M 
NaC1, 5mM MgC12, 0.1% bovine serum albumin . 
(demineralized, Organon Teknika), and 0.1% NaN3, 
transferred into a fresh tube with 0.2 m1 of buffer G 
containing 1 milliunit of the galactosidase-labelled 
antibody Fab', and incubated at 4 "C overnight with 
shaking. Then each polystyrene ball was washed as 
described above and transferred to  a fresh tube 
containing 0.1 m1 of buffer A. The galactosidase activity 
bound to the ball was assayed with a fluorogenic 
substrate, 4-methylumbelliferyl-B-galactoside (Sigma 
Chemical), at 30 *C for 20 minutes with shaking. The 
reaction was terminated by adding 2.5 m1 of 0.1M 
glycine-NaOH buffer (pH 10.3), and the fluorescence 
intensity of the 4-methylumbelliferone released was 
measured against a freshly prepared standard solution of 
1 p M  4-methylumbelliferone in the glycine NaOH 
buffer. The  wave lengths used for excitation and 
emission analysis were 360 and 450 nm..respectively. 
Protein concentrations in extracts were determined by 
the Bio-Rad Protein Assay kit (Bio-Rad) which utilized 
the protein-dye binding method (Bradford, 1976). 

Results 

Morphological study 

In the present study, the destruction of rod outer 
segments (ROS) and the dissociations of the cell  
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membranes between the pigment epithelial cells (PE) 
were already observed by 6 times 0.5 J/cm2 UV-A or 
UV-B irradiations, especially by the UV-B range (Fig. 
1A-C). In non-UV irradiated rat retina, the destruction 
of ROS and the dissociation of the cell membranes 
between the PE were not observed (Fig. ID). As the 
doses and numbers of UV-A exposures increased, the 
lipid droplets in the PE increased in volume (Figs. 2A, 
3A). The destruction of the ROS by UV-A irradiation 
became more severe than that by UV-B irradiation 
(Figs. 2, 3); however the destruction of ROS by 50 
times 0.5 or 1.0 ~ / c m ~  UV-B irradiations was not 
so severe (Fig. 3B). In the nucleus of PE, the 
heterochromatin increased (Figs. 2A,B, 3A), except for 
the irradiation by 50 times 0.5 or 1.0 J/cm2 (Fig. 3B). By 
35 times 5.0 ~ / c m ~  UV-B irradiations, not only was there 
an increase of heterochromatins but also irregularity 
in the shape of the nucleus of PE was observed (Fig. 
2B). Other than the effects on ROS and PE, no 
significant UV irradiation-induced damage was observed 
in the retina. 

lmmunohistochemical study 

In normal adult rat, Cu/Zn SOD was mainly 
dismbuted in the inner limiting membrane (ILM), neme 
fiber layer (NFL), ganglion cell layer (GCL) and the PE, 
whereas Mn SOD was present in the GCL, the inner 
plexiform layer (IPL) and outer plexiform layer (OPL) 
and inner granular layer (IGL) (Fig. 4). In the UV- 
irradiated retina, Cu/Zn SOD was also present in the 
IPL, IGL and OPL (Figs. 5-9). Hence the distribution in 
UV-irradiated retina was similar to that of Mn SOD in 
normal and UV-irradiated rat retina, except that CulZn 
SOD was also present in the PE (Figs. 5B, 6B). The 
change in distribution of Cu/Zn SOD was already 
observed by 6 times 0.5 ~ / c m ~  UV-A or UV-B 
irradiations (Figs. 5A, 6A), while that of Mn SOD was 
not observed between the normal and UV irradiated rat 
retina (Fig. 4B, 5B, 6B). As the doses and numbers of 
UV irradiations increased, the immunoreactivity to 
CuKn SOD in the IPL strikingly increased (Figs. 5A, 
6A, 7-9). Cu/Zn and Mn SOD were not immuno- 

Fig. 1. Electron microscopic views of the ROS and PE by 6 times 0.5 Jlcm2 UV-A (A,C) or UV-6 (B) irradiations, and that of ROS and PE in normal rat 
retina (D). The d i i a t i o n s  o1 the cell membranes are obsewed in the basal side of the PE between the neighboring PE (A,B: arrows), especially by 
the exposure to UV-B (B), although the junctional complexes in the apical side of lhe PE are not damaged by 6 times UV-A or UV-B e x p ~ ~ e s  (C: 
srnall arrows). D: in normal rat retina, the darnage to the cell membranes in the ROS and PE 1s not observed. Bar: 1 pm. 



Flg. 2. Electron miorograph views of h e  ROS and PE by 10 times 5.0 Jlcm* UV-A (A) and 35 times (B) UV-B irradiations. A small lipid droplet is 
obse~ed in the PE by the exposure of 5.0 Jlcm2 UV-A (A: large arrow). The cell membranes of ROS neighboring the PE are damaged (A,B: 
anowhe&fis), sspedally by UV-A irradiaüon (A). The heterodiromatins in the cell nucleus of PE increase by ihe exposure of 5.0 Jlcm2 UV-A or UV-B 
(A@: srnall arrows). In 5.0 J l c d  UV-B irradiation, the cell nucleus is also irregular in shape (B: small arrows). Bar: 1 pm. 

Fig. 3. Electron microscopic views of the ROS and PE by 50 times 1 .O JIcm2 UV-A (A) or UV-B (B) irradiations. ROS are destroyed by the exposure of 
UV-A (A) more significantly (arrowheads) than by that of UV-B (E). In the PE, lipid droplets increase in volurne by the exposure of UV-A (A: arrows). 
The increase of heterochromatins in the cell nucleus of PE is observed by 50 times UV-A exposures (A: small arrows), but not by that of UV-B. 
Bar: 1 pm. 

Flg. 4. Cross SectiCtns of the posterior portion of normal rat retina immunostained with the antibody to C m  (A) or Mn SOD (E). Cu/Zn SOD is mainly 
distributed in n7e i n m  limiiing membrane (ILM), newe íiber layer (NFL), ganglion ceil layer (GCL), and the PE, while Mn SOD 1s in the GCL, the inner 
(IPL), and outer piexiform hyer (m) and inner gramilar layer (IGL). The immunoreacthrity to CulZn or Mn SOD is not 0bse~ed in h e  photoreceptor 
cells (PR). x 200 



Rg. 5. C m  sections of the posterior pom'an of the retina by 6 times 0.5 J/& UVA e- immunostariled wfth he antibody b CLdZn [A) or Mn 
SOD (B). CuEn W D  is d i b u t e d  ln the deeper layers, su& as the IPC, IGL and OPL (A: arrows); hawever, Mn SOD remains o~lstant (B). The 
immunoreactivity to CuRn SOD is m t  obsenred in the PR but in the PE. x 200 

Fig. 6. Cross sections of the posterior portion of the retina by 6 times 0.5 JIcm2 UV-B exposures immunostained with the antibody to CuRn (A) or Mn 
SOD (B). CuIZn SOD is distributed in the deeper layers, such as the IPL, IGL and OPL (A: arrows); however, Mn SOD remains constant (8). The 
immunoreactivity to CuRn SOD is not 0 b ~ e ~ e d  in the PR but in the PE. x 200 

~ I . ~ ~ ~ 1 ) d  Portion 3 J / d  UY-ri, (A) 14) UU- 
GcakZnmD.Gcecen901D Ingirt uaL,IQL*Rxlrn&@ 



Ultraviolet irradiation on the retina 

histochemically detected in the photoreceptor cells (PR) 
in either normal or UV-irradiated rat retina (Figs. 4-9). 

lmmunochemical study 

1 .  normal rat retina, the concentrations of Cu/Zn and 
MnSOD were 3.9810.31 pg/mg total protein and 
0.96f0.14 pglmg total protein, respectively (Fig. 10). By 
6 times 0.5 J/cm2 UV-A irradiations, the concentrations 
of CuEn and Mn SOD increased 1.13- and 1.20-fold, 
respectively, compared with levels in the normal rat 
retina (Fig. 10). The concentration of Cu/Zn and 
MnSOD by 6 times 0.5 J/cm2 UV-B irradiations 
increased by a factor of 1.40 and 1.41, respectively (Fig. 
10). Compared with the concentrations of CuEn and Mn 
SOD in normal rat retina, there was a significant 

increase of Cu/Zn and Mn SOD in the retina observed by 
6 times 0.5 J/cm2 UV-B irradiations (Cu/Zn SOD: 
pe0.01, Mn SOD: pe0.05). 

Discussion 

In the present study, the cell membranes of the PE 
and ROS were severely damaged. By UV irradiation, the 
leve1 of lipid peroxides increases in the retina 
(Ottolenghi et al., 1955; Feeney and Berman, 1976) and 
the lipid peroxides cause the damage to cell membranes 
(Yarnakawa et al., 1991). Therefore, it is suggested that 
the destruction of cell membranes of PE and ROS in the 
present study could be due to lipid peroxidation which 
can be induced by UV irradiation. The lipid peroxides 
are synthesized from polyunsaturated fatty acids by 

Flg. 8. Cross sections of the posterior portion of the retina by 10 times 1 .O J/cm2 UV-A (A) or UV-B (E) immunostained with the antibody to CuIZn SOD. 
CuIZn SOD is distributed in the deeper layers, such as the IPL, and the inner portion of IGL (A,B: arrows). The immunoreactivity to C a n  SOD is not 
obsewd in the PR but in the PE. x 200 

Flg. @. Cross sections of the posterior portion d the retina by 10 times 5.0 JIm2 UV-A (A) or 35 times 5.0 .I/cm2 UV-B exposures (B) immunostained 
with the aniibody to cu/Zn SOD. CldZn SOD is distributed in the deeper layers, such as the IPL, IGL and OPL (A,B: arrows). The immunoreacthnty to 
CuIZn SOD ¡S not observa in the PR but in the PE. x 200 
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Fig. 10 The concentration of CuIZn or Mn SOD in the normal rat retina 
(black bars), and the retina by the exposure of 6 times 0.5 JIcm2 UV-A 
(dotted bars) or UV-B irradiations (white bars). Both by 6 times 
exposures of UV-A or UV-B, the concentrations of Cunn and Mn SOD 
increase compared with those in normal rat retina, especially by the 
exposures of UV-B. Each point represents the mean * SE of the results 
from 4-5 specimens. ': p<0.01; **: pc0.05. 

oxygen-free radicals (Anderson et al., 1974). In the 
present study, CuKn SOD, which is thought to protect 
against damage by oxygen-free radicals, was present in 
the PE. However, the cell membranes of the PE were 
damaged. Therefore, it seems that only the presence of 
CulZn SOD may not protect against damage to the cell 
membranes of PE by UV-induced oxygen-free radicals. 

It has been reported that PE is not damaged by the 
UV-A irradiation of the eyes (Henton and Sykes, 1984; 
Rapp et al., 1990). However, the present study revealed 
that the cell rnernbranes between the PE were damaged 
in an earlier period of 0.5 J/cm2 UV irradiation. In 
addition, the damage was more severe by UV-B 
irradiation than by UV-A, although UV-A reached 
deeper regions of the retina than UV-B because of the 
longer wave length of UV-A. Therefore, these findings 
show that UV-B generates more severe retinal damages 
than UV-A in he same doses of UV irradiation. 
However, as the numbers of 0.5 or 1.0 J/cm2 UV-B 
irradiation increased, the damage to the ROS and PE 
becarne less significant, compared with those by 0.5 or 
1 .O J/cm2 UV-A irradiation. Since the cornea gradually 
became opaque after 6-8 times UV-B irradiations in the 
present study, the findings are probably due to the fact 

that the smaller doses of UV-B reach the ROS and PE by 
the corneal opacity. On the contrary, as the numbers of 
3.0 or 5.0 ~ / c m ~  UV-B irradiations increased, nuclei of 
the PE were severely damaged. Therefore, this f iding 
supports the previous report that UV-B can be 
transmitted through the anterior segment of the eyes in 
sufficient intensity to damage the retinal DNA (Rapp et 
al., 1985) in the case where large doses of UV-B are 
repeatedly irradiated. 

We previously reported that CuEn SOD is obsewed 
in the ILM, NFL and GCL and PE of adult rat retina 
(Oguni et al., 1995). However, in this UV-irradiated 
retina, CutZn SOD was observed not only in the ILM, 
NFL and GCL but also in the IPL, OGL and OPL. 
Immunochemically, we found that the concentration of 
both CuKn and Mn SOD increased by UV irradiation. 
The retina is known to be nurtured from two sources, 
that is the inner portion of the retina from the iLM to the 
OPL is nurtured by retinal vessels, while the outer 
portions of the retina from the OGL to the PE are 
nurtured by choroidal vessels. The retinal regions by UV 
irradiation, where both Cu/Zn and Mn SOD were 
immunohistochemically detected, are nurtured by retinal 
vessels, not by choroidal vessels. In addition, significant 
morphological damage was not observed in these 
regions. Therefore, in these regions, CulZn and Mn SOD 
seem to play an important role in the protection against 
the superoxide radical anions, which are generated by 
UV irradiation. 

Acknowledgements. The authors gratefully thank Prof. J. Jidoi, 
Department of Dermatology, Shimane Medical University, Izumo, for 
permission to use the UV irradiator and Prof. O. Tanaka. Department of 
Anatomy, Shimane Medical University, lzumo and Dr. H. Shinohara, 
School of Medicine, Mie University, Tsu, for valuabie advice. 

References 

Anderson R.E., Benolken R.M., Dudley P.A., Landis D.J. and Wheeler 
T.G. (1974). Polyunsaturated fatty acids of photoreceptor 
membranes. Exp. Eye Res. 18,205-213. 

Bradford M.M. (1976). A rapid and sensltive method for the quantitation 
of microgram quantities of protein utilizing the principie of protein- 
dye binding. Anal. Biochem. 72, 248-254. 

Cutchis P. (1974). Stratospheric ozone depletion and solar ultraviolet 
radiation on earth. Science 184, 13-19. 

DeLuisi J.J. and Harris J.M. (1983). A determination of the absolute 
radiant energy of a Robertson-Berger meter sunburn unit. Atmos. 
Envir. 17, 751-758. 

Feeney L. and Berman E.R. (1976). Oxygen toxicity: membrane 
damage by free radicals. Invest. Ophthalmol. 115, 789-792. 

Fridovich 1. (1974). Superoxide dismutase. Adv. Enzyrnol. 14,35-97. 
Ham W.T. Jr, Ruffolo J.J. Jr., Mueller H.A. and Gueny D. 111. (1980). 11. 

The quantitative dimensions of intense light damage as obtained 
from animals studies. The nature of retinal radiation darnage: 
dependence on wavelength, power level and exposure time. Vision 
Res. 10, 1105-1111. 

Ham W.T. Jr, Mueller H.A., Ruffolo J.J., Gueny D. III and Gueny R.K. 



Ultraviolet irradiation on the retina 

(1982). Action spectrum for retinal injury from near-ultraviolet 
radiation in the aphakic rnonkey. Am. J. Opthalmol. 93, 299-306. 

Handelrnan G.J. and Dratz E.A. (1986). The role of antioxidants in the 
retina and retinal pigment epithelium and the nature of prooxidant- 
induced damage. Adv. Free Rad. Biol. Med. 2, 1-89. 

Henton W.W. and Sykes S.M. (1984). Recovery of absolute threshold 
with UVA-induced retinal damage. Physiol. Behav. 32, 949-954. 

Hsu S.M., Raine L. and Franger H. (1981). Use of avidin-biotin- 
peroxidase complex (ABC) in irnrnunoperoxidase techniques: a 
comparison between ABC and unlabeled antibody (PAP) 
procedures. J. Histochem. Cytochem. 29, 577-580. 

Kato K., Umeda Y., Suzuki F. and Kosaka A. (1980). lrnproved reaction 
buffers for solid-phase enzyrne immunoassay without interference 
by senirn factors. Clin. Chirn. Acta 120,261-265. 

Kurobe N. and Kato K. (1991). Sensitive enzyme irnmunoassay for rat 
Mn superoxide dismutase: tissue distribution and developrnental 
profiles in the rat central newous tissue, liver, and kidney. Biomed. 
Res. 12,97-103. 

Kurobe N., Suzuki F., Kato K. and Sato T. (1990). Sensitive 
immunoassay of rat CuRn superoxide dismutase: concentrations in 
the brain, liver, and kidney are not affected by aging. Biomed. Res. 
1 1, 187-1 94. 

MaCord J.M. and Fridovich 1. (1969). Superoxide dismutase. An 
enzymic function for erythrocuprein (hemocuprein). J. Biol. Chem. 

244,6049-6055. 
Oguni M., Tanaka O., Tarnura H., Shinohara H., Kato K. and Setogawa 

T. (1995). Ontogeny of copper-zinc and manganese superoxide 
disrnutase in the developing rat retina: immunohistochernical and 
immunochemical study. Ophthalmic. Res. 27, 227-233. 

Ottolenghi A., Pernheirn F. and Wilbur K.M. (1955). The inhibition of 
certain mitochondrial enzymes by fatty acids oxidized by ultraviolet 
light or ascorbic acids. Arch. Biochem. Biophys. 56, 157-164. 

Rapp L.M., Jose J.G. and Pitis D.G. (1985). DNA repair synthesis in the 
rat retina following in vivo exposure to 300-nm radiation. Invest. 
Ophthalmol. Vis. Sci. 26,384-388. 

Rapp L.M., Tolman B.L. and Dhindsa H.S. (1990). Separate 
mechanisms for retinal darnage by ultraviolet-A and mid-visible light. 
Invest. Ophthalmol. Vis. Sci. 31, 11 86-1 190. 

Reynolds E.C. (1963). The use of lead citrate at high pH as an electron 
opaque stain in electron microscopy. J. Cell Biol. 17, 208-213. 

Schmechel D.E., Brightman M.W. and Marangos P.J. (1980). Neurons 
switch from non-neurona1 enolase to neuron-specific enolase during 
differentiation. Brain Res. 190, 195-214. 

Yamakawa N., Takamura K., Usui M. and Hara S. (1991). Lipid 
peroxidase changes in swine retina after ultraviolet irradiation. Folia 
Opthalmol. Jpn. 42,629-634 (in Japanese). 

Accepted March 4, 1996 


