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Abstract. The aim of  this investigation was to study the 
ultrastructural effects of  white light on the retinas of  
pigmented rabbits. The retinas were exposed to white 
light (400-740nm) at intensities between 65 and 
140 mW/cm 2 for I h. Two days after exposure, the in- 
creased leakage of  fluorescein measured with vitreous 
f luorophotometry could be mimicked on electron mi- 
croscopy by the tracers ferrous gluconate and horserad- 
ish peroxidase (HRP). In cases of  minimal fluorescein 
leakage, traces of  HRP  were found in the basal folds 
of the retina pigment epithelium (RPE). No HRP  was 
observed apical to the tight junctions of  the RPE cells. 
When there was a great amount  of  fluorescein leakage, 
HRP  completely filled the RPE cytoplasm, the extracel- 
lular spaces, and several cells in the neuroretina. It is 
concluded that after exposure to low intensities of  white 
light, blood-retina barrier dysfunction may be due to 
disruption of  the RPE basal fold membrane, leading 
to increased transcellular passage. The intact tight junc- 
tions suggest the under these circumstances intercellular 
leakage is not a component  of  BRB dysfunction. 

Introduction 

It is generally accepted that there are three different 
mechanisms of  light damage [8]: (1) mechanical light 
damage, such as that caused by the very intense light 
of  YAG lasers (terrawatts/cm2); (2) thermal damage 
(down to about 10 W/cm -2) caused by a temperature 
rise to a point where proteins denature; (3) photochemi- 
cal damage, in which the absorption of  light by pigments 
does not lead to a significant temperature rise but to 
chemical reactions ending in the breakdown of  cellular 
structures. This damage is probably the result of  the 
production of  singlet oxygen and free radicals, which 
are deleterious to the membranes [9]. 

In previous studies by Borsje et al. [3] and by Putting 
et al. [16], exposure levels of  about 100 mW/cm 2 for 1- 
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1.5 h were used to induce photochemical damage. These 
studies were carried out in rabbits using vitreous fluoro- 
photometry for quantitative analysis of  fluorescein leak- 
age and pinpointed one of  the photochemical effects at 
the BRB. Furthermore,  it was demonstrated that white 
light can induce dysfunction of  the BRB even at expo- 
sure levels below the threshold of  ophthalmoscopically 
visible lesions. In the study by Putting et al. [16], it was 
found that in the range of 65-140 mW/cm 2 the fluoresce- 
in leakage into the vitreous increased exponentially with 
light intensity, starting at a value of  69 mW/cm 2. In the 
range of  65 to 89 mW/cm 2 (subthreshold range) no le- 
sions were observed on fundus examination. In the 
threshold range (90-110 mW/cm2), 11 out of  14 rabbits 
showed a lesion, while in the superthreshold range (111 
to 140 mW/cm 2) all rabbits showed fundus lesions. 

The first aim of  the present study was to visualize 
the precise location of the BRB dysfunction at the RPE 
ultrastructurally, employing identical animals and a set- 
up identical to that used for the f luorophotometry study 
by Putting et al. [16]. Because fluorescein is not  electron 
dense, the increased passage of fluorescein through the 
BRB was mimicked with two electron dense tracers: (a) 
ferrous gluconate (FG), which has a molecular size com- 
parable to fluorescein (480 Da vs 500 Da) and (b) horse- 
radish peroxidase (HRP) with a molecular weight of  
40,000 Da. An additional aim of  the study was to visual- 
ize the primary effects on the neuroretina. 

Materials and methods 

Twelve full-grown pigmented chincilla gray rabbits, weighing 2.5- 
3 kg were used for electron microscopic evaluation (2 were exposed 
to subthreshold irradiation, 5 to threshold irradiation and 5 to 
superthreshold irradiation). For a detailed description of the light- 
exposure procedure, the reader is referred to Putting et al. [16]. 
In short, the rabbits were kept in a light cycle with a daytime 
illumination of 150 to 400 lux. Retinas were exposed in vivo for 
1 h to white light from a xenon arc lamp in the range of 65- 
140 mW/cm 2. Using specific filters, the wavelength range was re- 
stricted to 400-740 nm. The light spot of the xenon arc was pro- 
jected onto the retina just below the myelinated nerve fibers in 
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the visual streak of the retina. The alteration of the BRB was 
monitored with vitreous fluorophotometry (VF). The ratio of vitre- 
ous fluorescein concentration in the exposed eye to the control 
eye was used as a parameter for permeability. An increase in ratio 
after exposure indicates a dysfunction of the BRB. VF was per- 
formed several days before the light exposure and the second day 
after exposure. The electron-dense tracers were injected systemi- 
cally in the experimental animals 60 min after VF. Depending on 
the tracer used, the animals were killed with an overdose of sodium 
pentobarbital after 20 or 60 rain and both eyes were enucleated. 
The non-exposed fellow eyes of these rabbits served as tracer con- 
trols. Two experimental animals were killed 2 h after VF without 
tracer administration and served as non-tracer controls to study 
the effect of the tracer. The anterior segment of the eyes up to 
the ora serrata was removed to facilitate penetration of the fixative. 

For electron microscopic visualization of the BRB dysfunction, 
two electron dense tracers were used: the first, FG, was injected 
intra-arterially in a dosage of I g/kg. After 60 rain, the animals 
were killed with an overdose of sodium pentobarbital. The enucle- 
ated eyes were immersed for several hours in a cold (4 ° C) 0.1 M 
phosphate-buffered fixative containing 1.25% paraformaldehyde 
and 1% glutaraldehyde (pH 7.4). Samples of the exposed part of 
the retina and of corresponding sites in the contralateral control 
eye were dissected under a biomicroscope. After thorough rinsing 
in phosphate buffer, the retinal samples were postfixed with OsO4, 
dehydrated and embedded in Epon 812. The second tracer was 
HRP. Twenty minutes after the intra-arterial injection of HRP 
(Sigma, type II) in a dosage of 200 mg/kg, the animals were killed 
with an overdose of sodium pentobarbital and the eyes were enucle- 
ated. The enucleated eyes were immersed for several hours in a 
cold (4 ° C) 0.1 M cacodylate-buffered fixative containing 1% para- 
formaldehyde and 1.25% glutaraldehyde (pH 7.4). After thorough 
rinsing in the cacodylate buffer, the pieces of retina were incubated 
for 30 rain in 50 ml TRIS-HC1 buffered solution (0.1 M, pH 7.6) 
containing 0.05% 3,Y-diaminobenzidine (Sigma) and 0.01% H202. 
In some samples, the diaminobenzidine reaction product was inten- 
sified with a gold-substituted silver peroxidase technique (GSSP 
technique) [22]. The retinal samples were postfixed with OsO4, 
dehydrated, and embedded in Epon 812. 

Ultrathin sections were stained with lead citrate and uranyl 
acetate and inspected in a Philips EM 201 transmission electron 
microscope. Light microscopic examination was carried out on 
semithin (1 gm) sections of the same material after staining with 
toluidine blue. 

Results 

Ophthalmoscopic results 

Based on o p h t h a l m o s c o p i c  examina t ion ,  three  i r r ad ia -  
t ion  ranges  were d e t e r m i n e d :  (1) 65-90 m W / c m  2 (sub- 
threshold) ,  wi th  no  o p h t h a l m o s c o p i c a l l y  visible les ions;  
(2) 90-110 m W / c m  z ( threshold) ,  in which  mos t  cases 
(79%) deve loped  o p h t h a l m o s c o p i c a l l y  visible lesions 
wi thin  2 days  af ter  exposure ;  (3) 110-140 m W / c m  2 (su- 
pe r th resho ld) ,  in which  mos t  cases (60%)  deve loped  an 
o p h t h a l m o s c o p i c a l l y  visible lesion wi th in  1 d a y  af ter  ex- 
posure .  

Histology 

Ret inas  o f  con t ro l  and  i r r ad i a t ed  an ima l s  tha t  h a d  re- 
ceived an in jec t ion  o f  H R P  or  F G  were careful ly  com-  
p a r e d  wi th  re t inas  o f  non- in jec ted  animals ,  bu t  ne i ther  
H R P  nor  F G  gave rise to any  u l t r a s t ruc tu ra l  abe r ra -  
t ions.  

Control eyes 

In con t ro l  an imals ,  an  excess o f  H R P  and  F G  was dem-  
ons t r a t ed  in the cho ro id  and  Bruch ' s  m e m b r a n e  (Fig.  1) 
and  in the ex t race l lu la r  space be tween the R P E  basa l  
folds  (Fig.  2) up  to the  j unc t i ona l  complex  (Fig.  3). In  
the R P E  cells, vesicles or  t u b u l a r  s t ructures  con ta in ing  
traces o f  H R P  were inc identa l ly  observed.  In  the con t ro l  
re t inas  o f  an imals  no t  in jected wi th  H R P ,  coa t ed  vesicles 
were ra re ly  obse rved  (Fig.  4) and  i f  seen at  all, they  were 
found  prefe ren t ia l ly  at  the  nuc lear  reg ion  o f  the basa l  
m e m b r a n e  (Fig.  5). N o  u n c o a t e d  endocy to t i c  vesicles 
were observed.  The  absence o f  u n c o a t e d  vesicles is no t  
a r t i fac tua l ,  as ad j acen t  cap i l l a ry  endo the l i a l  cells have  
n u m e r o u s  s m o o t h  endocy to t i c  vesicles (Fig.  4). In  the 
subre t ina l  space,  no  evidence o f  the t racers  was ob-  
served, ind ica t ing  tha t  the t racers  h a d  no t  reached  the 
subre t ina l  space ei ther  by  a t ransce l lu la r  or  by  an  extra-  
cel lular  pa thway .  

Exposed eyes 

Subthreshold (65-89 roW).  A t  exposures  be low 90 roW,  
no fundoseop ic  lesions were found ,  and  the f luorescein  
leakage  ra t io  r e m a i n e d  be low two. The  re t inas  o f  con t ro l  
eyes and  re t inas  exposed  to white  l ight  a p p e a r e d  to have  
s imilar  u l t r a s t ruc tu ra l  features.  N o  ind ica t ions  o f  cellu- 
lar  a l t e ra t ions  such as d i s tu rbed  m e m b r a n e s  o f  the  recep-  
tor  ou te r  segments  or  swollen m i t o c h o n d r i a  were f o u n d  
in the exosed ret inas .  A t  this level o f  exposure ,  H R P  
and  F G  h a d  the same d i s t r ibu t ion  as in con t ro l  eyes. 
W i t h  bo th  H R P  and  F G ,  e lec t ron  dense par t ic les  ( F G  
or  G S S P  intensif ied H R P )  or  r eac t ion  p r o d u c t  ( H R P )  
were obse rved  in the lumen  o f  the  b l o o d  vessels, extracel-  
lu lar  to  the  vascu la r  endo the l ium,  and  in Bruch ' s  mem-  
brane .  The  t racers  h a d  di f fused into  the ex t race l lu la r  
space be tween  the R P E  basa l  folds  up  to  the  j unc t i ona l  
complex .  N o  de tec tab le  a m o u n t s  o f  t racer  were obse rved  
in the subre t ina l  space. As  in cont ro ls ,  cy top l a smic  vesi- 
cles con ta in ing  H R P  were ex t remely  rare .  

Fig. 1. Control retina after horseradish-peroxidase (HRP) injection 
(HRP-DAB). Electron-dense reaction product can be seen in the 
capillaries (C) of the choroid, Bruch's membrane (B) and between 
the basal folds (BF). N, Nucleus; J, junction complex; O, receptor 
outer segment. (Bar indicates 1 ~tm) 

Fig. 2. Control retina after HRP injection (HRP-DAB-GSSP). Ar- 
rowheads indicate the intensified HRP-DAB particles in Bruch's 
membrane and in the extracellular space between the RPE basal 
folds. These particles are absent in the RPE basal fold cytoplasm. 
(Bar indicates 0.2 gin) 

Fig. 3. Control retina after HRP injection (HRP-DAB-GSSP). 
HRP particles in the desmosomal part of the junction complex. 
(Bar indicates 0.5 gin) 

Fig. 4. Control retina without tracer injection. The endothelial cell 
of the choriocapillaries (E) contains numerous smooth vesicles (v) 
while in the basal folds (BF) only very few coated vesicles (c) were 
observed. (Bar indicates 0.5 lain) 

Fig. 5. Control retina without tracer injection. The region of the 
RPE cell nucleus (N) is where most of the vesicles (c) were found 
that were scarcely coated at all. The coated vesicles seem to fuse 
with smooth tubular elements (arrow). B, Bruch's membrane; BF, 
basal folds. (Bar indicates 0.2 lxm) 
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Threshold and superthreshold (90 140 mW). The five rab- 
bits exposed to threshold intensities (90-110mW) 
showed an increase in VF ratio of  2 to 40. All the rabbits 
exposed to superthreshold intensities (110-140mW) 
showed VF ratios of 14 or more. With VF ratios higher 
than 8, an excessive amount  of  HRP  could be demon- 
strated in the subretinal space. Radial sections were cut 
taking into consideration the fact that the intensity of 
the exposure decrease towards the periphery of  the irra- 
diated retinal area. We expected a difference in histologi- 
cal damage to the periphery as compared to the center 
of the spot. 

After exposures in the threshold range (90-110 mW/ 
cm 2 for 1 h), the histology of  exposed retinas (when no 
electron dense tracer was injected) showed no obvious 
ultrastructural alterations. However, analogous to the 
fluorophotometric evaluation, excessive leakage could 
be traced at the EM level with HRP  and FG. The most 
interesting observations were made at the periphery of 
the lesion. In this region, the first signs of increased 
HRP uptake were observed when the GSSP procedure 
was applied. The first indications of malfunction of  the 
BRB were small amounts of  tracer located in the cyto- 
plasm in the region of  the RPE basal folds (Fig. 6) and 
sometimes at a short distance from the basal folds in 
vesicles of the smooth endoplasmatic reticulum (Fig. 7). 
Side the control experiments, the HRP was able to dif- 
fuse between the RPE cells in the direction of the subreti- 
nal space, but the diffusion was still obstructed by the 
tight junctions (Fig. 8). In the periphery, no ultrastruc- 
tural changes were found in the neuroretina. 

In the center of  the lesion, HRP  completely filled 
the cytoplasm of  the RPE cells (Fig. 9). In addition, 
HRP reaction products were found in the extracellular 
space of the neuroretina (Fig. 9). The tight junctions 
seemed to be ultrastructurally intact. However, due to 
the masking effect of  the HRP  in the cytoplasm, it was 
not possible adequately to judge the passage of  HRP  
at the tight junction. 

In the superthreshold range (110-140 mW/cm2/h), ul- 
trastructural damage became obvious. The RPE cells 
showed increasing degradation, membranes of  outer seg- 
ments were disturbed, and other components of  the reti- 
na were also affected. Nearly all HRP had leaked out 
from Bruch's membrane and the RPE cells, while the 
extracellular space (Fig. 11) and some cells in the neuror- 
etina were completely filled with HRP.  The cells stained 
with HRP  could be identified as Miiller, photoreceptor,  
and amacrine cells (Figs. 12-14). Most of  the HRP-filled 
receptor cells had comparable ultrastructural character- 
istics: a short outer segment and an ellipsoid situated 
between the outer segments of  rods, while the triangular 
pedicles showed two or more synaptic ribbons. 

The FG particles, being smaller then HRP  particles, 
were harder to detect with EM, but in principal this 
tracer yielded the same results as HRP.  In the threshold 
range, a transcellular movement of  F G  in the direction 
of the subretinal space was observed (Fig. 10) while the 
extracellular diffusion seemed to be obstructed by the 
ultrastructurally intact tight junctions. 

Discussion 

Methodological considerations 

In this study the white-light-induced BRB dysfunction, 
quantified in vivo with VF, was visualized with HRP  
and FG. It was expected that FG,  which has a small 
molecular size comparable to that of  fluorescein, would 
give the best insight into the initial manifestations of  
BRB breakdown. However, it was discovered that the 
electron-dense particles were too small and the tracer 
detectable only when clumps of  particles were present. 
This necessitated administration of  a large dose of the 
tracer. It is also possible that the large dose was needed 
because of clearance of the F G  from the bloodstream 
by erythrocytes and liver cells. Although the use of  FG  
was limited, it also demonstrated that BRB disruption 
leads to a transcellular flow to the neuroretina. HRP  
gave much clearer results. Without the GSSP procedure, 
leakage could be detected at a ratio of 8. When the 
GSSP procedure was used, signs of  leakage could be 
detected at the rim of the field of  illumination. As there 
was a strong decrease in irradiation towards the rim, 
the fluorescein leakage mimicked at these sites must have 
a ratio far below 8. 

Intercellular leakage 

Theoretically, the main pathways for leakage of  macro- 
molecules from the choriocapillaries to the subretinal 
space are an intercellular route through the junctional 
complexes between the RPE cell or a transcellular route 
through the RPE cells. An intercellular route would 
mean that the sealing part of  the junctional complexes 
between the RPE cells, i.e., the tight junctions, would 
become permeable for molecules. Normally, the tight 
junctions seal neighboring cells together to create a con- 
tinous barrier between cells across which even small mol- 
ecules and ions are unable to pass [2]. When a minimal 
dysfunction was indicated electron microscopically by 
increased HRP  presence in the RPE cytoplasm, we were 

Fig. 6. Peripheral lesion of retina after threshold illumination 
(HRP-DAB-GSSP). Gold-silver grains (arrowheads) are present in 
the Bruch's membrane (B) and in the cytoplasm of the RPE basal 
folds (BF). C, capillary. (Bar indicates 0.2 lam) 

Fig. 7. Peripheral lesion of retina after threshold illumination 
(HRP-DAB-GSSP). Gold-silver grains (arrowheads) are present in 
smooth endoplasmatic reticulum near the RPE basal folds. (Bar 
indicates 0.2 Ixm) 

Fig. 8. Peripheral lesion of retina after threshold illumination 
(HRP-DAB-GSSP). Gold-silver grains (arrowheads) are present in 
the desmosomal part (D) of the junctional complex. In the gap 
junctional and tight junctional part (GT) and the subretinal space 
(S), no traces of HRP are observed. The melanin granules (Me) 
give always a gold-silver reaction. (Bar indicates 0.2 gm) 

Fig. 9. Threshold lesion (HRP-DAB). The HRP completely fills 
the cytoplasm of the RPE cells (R). The extracellular spaces be- 
tween the outer segments are also filled with HRP (arrows). L, 
lipofuscin; O, receptor outer segment. (Bar indicates 1 ~m) 
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unable to detect any traces of HRP in the subretinal 
space or the intercellular space apical to the tight junc- 
tion. This indicates that the tight junctions were still 
effective non-leaky barriers between the RPE cells. 

Because the tracer had reached the subretinal space 
and had further diffused randomly into the neuroretina 
and the extracellular space in the apical region of the 
RPE at higher irradiation levels, it was difficult to ex- 
clude some leakage through the tight junctions. How- 
ever, even in these cases, the tight junction remained 
intact electron microscopically, and no tracer was found 
at the tight junctional sites, indicating that intercellular 
leakage is not a component of the BRB dysfunction. 

Transcellular leakage 

Macromolecules can cross cellular membranes by endo- 
cytosis. Depending on the characteristics of the mole- 
cule, it can be bound to coated pits on the membrane 
and endocytosed in coated vesicles (adsorptive or recep- 
tor-mediated endocytosis), or it can be passively en- 
gulfed with the fluid of smooth vesicles (bulk-phase en- 
docytosis). Receptor-mediated endocytosis is a selective 
concentrating mechanism enabling the ingestion of large 
amounts of specific ligands (e.g., low-density lipopro- 
reins) without taking in a correspondingly large volume 
of extracellular fluid [2]. Bulk-phase endocytosis is a 
non-selective transport. When the vesicles are formed, 
part of the extracellular fluid with its molecular contents 
such as HRP is passively ingested and surrounded by 
a membrane. The vesicles enter the intracellular space 
and fuse with lysosomes. The HRP is further transported 
by preformed vesicles or elements of the smooth endo- 
plasmatic reticulum [6, 7, 18]. Essential in both path- 
ways is that the HRP be segregated from the cytoplasm 
into membrane-delimited organelles. This is in contrast 
with the uptake of HRP in damaged cells, e.g., mechani- 
cal disruption of the axonal membrane of neurons by 
local freezing or the passage of concentrated inotophor- 
eric current may provide the conditions necessary for 
direct axoplasmic entry of HRP [10, 15]. At the site 
of the injury, the labelling is diffuse, but at some distance 

Fig. 10. Threshoid lesion (FG). Ferrous gluconate precipitations 
(arrowheads) in the cytoplasm of RPE cells after threshold irradia- 
tion. (Bar indicates 0.1 gm) 

Fig. 11. Threshold lesion (HRP-DAB). HRP in the extracellular 
spaces between receptor ellipsoids and Mfiller cell villi (V) and 
on the outer nuclear layer side of the outer limiting membrane 
between the nuclei of the outer nuclear layer. (Bar indicates 2 gm) 

Fig. 12. Threshold lesion (HRP-DAB). Light microscopic overview 
of the retina with a HRP filled M/iller cell (3//). G, Ganglion cell; 
GL, ganglion layer; IPL, inner ptexiform layer; INL, inner nuclear 
layer; ONL, outer nuclear layer. (Bar indicates 20 gm) 

Fig. 13. Threshold lesion (HRP-DAB). Cone receptor pedicle (Cr) 
filled with HRP. Rr, Rod receptor pedicle. (Bar indicates 1 gm) 
Fig. 14. Threshold lesion (HRP-DAB). HRP-filled amacrine cell 
in the inner nuclear layer of the neuroretina. (Bar indicates 2 gm) 
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from the injury, the HRP becomes segregated from the 
cytoplasm into membrane-delimited organelles [1, 11]. 

The main observations in this study concerning the 
basal RPE membrane and uptake of HRP are: (a) in 
non-damaged, non-HRP-treated retinas, endocytotic ve- 
sicle formation in the basal membrane region is rare, 
and only coated vesicles were encountered; (b) in non- 
damaged, HRP-treated retinas, the cytoplasm was free 
of HRP, and very few vesicles and tubular structures 
contained HRP although there was an excess of HRP 
present in the extracellular space of the basal folds and 
in the intercellular space up to the tight junctions; (c) 
after exposures causing minimal dysfunction, in addition 
to the scarce HRP-filled vesiclelike structures, diffuse 
traces of HRP not enveloped by membranes were found 
in the cytoplasm of the RPE basal folds. In contrast 
to most other epithelial linings studied [2], HRP is ex- 
tremely scarce in the RPE cell bodies under normal phys- 
iological circumstances, demonstrating that bulk phase 
endocytosis must be extremely rare. Some HRP enters 
the cell with adsorptive endocytosis mediated by coated 
vesicles. This means that in the RPE, non-selective up- 
take of macromolecules does not take place or is ex- 
tremely rare. This protects the neuroretina and RPE cells 
from an uncontrolled influx of macromolecules and tox- 
ic substances and thus meets the criteria of a barrier. 
However, this does not affect the uptake of nutrients 
and ions since most of these are internalized by specific 
membrane channels. 

After exposures causing minimal BRB dysfunction, 
diffuse traces of HRP not enveloped by membranes were 
found in the cytoplasm of the RPE basal region. This 
indicates that light has damaged the membrane, which 
becomes leaky, resulting in an uncontrolled diffusion. 
Delmelle [4] has proposed that light damage to the retina 
is due in part to singlet oxygen, and Lion et al. [13] 
have detected singlet oxygen in irradiated retinas. The 
most destructive role of singlet oxygen lies in the peroxi- 
dation of polyunsaturated lipids composing the major 
constituents of the membrane structure [8]. Thus, at 
threshold and superthreshold level, singlet oxygen is a 
good candidate for RPE cell membrane destruction. The 
results of other investigators who found RPE cells with 
ultrastructurally intact tight junctions after exposures at 
threshold level [3] or in an edematous RPE in mildly 
damaged areas [20] support our findings of a transcellu- 
lar leakage. In rod-dominated retinas, the RPE cells are 
sensitive to extracellular K ÷ concentration changes and 
behave like K ÷ electrodes [5]. The RPE membrane po- 
tential changes give rise to the C-wave in the electroretin- 
ogram [14, 19]. Disruption of the RPE membranes 
should lead to disturbance of the RPE membrane poten- 
tials and thus to disappearance of the C-wave. 

Direct light damage to parts of the neuroretina 

Except for conelike receptors, no ultrastructural changes 
were found in irradiated retinas in the threshold range, 
e.g., no swollen mitochondria or disturbed membranes 
of outer segments were observed. Nevertheless, there 
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were other indications of damage. When the BRB was 
damaged and HRP was administered, the HRP filled 
not only the whole extracellular space in the retina, but 
was also found intracellularly in different cell types (re- 
ceptor, Mfiller, and amacrine cells) in the neuroretina. 
In the HRP-filled receptor and Mfiller cells, the HRP 
was not segregated from the cytoplasm into membrane- 
delimited organelles, but was diffusely distributed in the 
cytoplasm. The number of cells filled with HRP in- 
creased with the irradiation level. This points more in 
the direction of direct light damage to components of 
the neuroretina than an endocytotic uptake of HRP. 
Furthermore, just as with RPE cells, the inward flow 
of HRP points to a direct effect on the membrane. 

As mentioned above, all HRP-filled receptor cells had 
ellipsoids situated between the outer segments of other 
receptors, triangular pedicles containing several synaptic 
ribbons, and nuclei situated directly against the outer 
limiting membrane. These characteristics indicate that 
they are cone receptor cells. In experiments in which 
no tracer was administered, only these receptors showed 
swollen mitochondria. Mfiller cells are important for ret- 
inal maintenance and signal conductance of  neural ceils 
[17]. It is imaginable that malfunction of the Mfiller 
cells leads to secondary damage in the neuroretina. 

Kremers and van Norren [12] have proposed two 
classes of photochemical damage. Class I is found at 
low-irradiation levels (1 m W / c m  2) over rather long peri- 
ods (several hours to weeks). Shortly after exposure, the 
damage is mainly restricted to the photoreceptors. Class 
II damage is found with high light levels ( >  10 mW/cm 2) 
over shorter periods (up to 4 h). Shortly after exposure, 
the damage is mainly restricted to the retinal pigment 
epithelium. Since we used intensities ranging from 65- 
140 mW/cm 2 for 1 h, the damage should belong to class 
II. Indeed, damage is mainly restricted to the RPE layer, 
while the neuroretina seems hardly to be affected. How- 
ever, after an evaluation with HRP, several cell types 
show an aberrant uptake of HRP, indicating that their 
membranes, just like RPE membranes, may be function- 
ally altered. 
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