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receptor loss, while the third animal (E3) showed no
abnormality.

GROUP II: THE SUPERNORMAL RESPONSE -
CLINICOPATHOLOGICAL CORRELATIONS
This experiment was designed to see if all animals
produced a supernormal ERG prior to the onset of
disease and whether this correlated with any underly-
ing pathological features. ERGs were recorded on a
daily basis from day 13 after inoculation, and each
animal was killed when the ERG became super-
normal. A supernormal ERG was defined as that
showing larger b-wave amplitudes than controls at all
intensity levels with 95% confidence limits. It was
found that all animals' ERGs went through this stage,
with a peak incidence on day 15 (Fig. 7). Again, the
appearance of a supernormal ERG was associated
with enhanced oscillatory potentials but a reduction
in EFFF.

Histological examination of the eyes in which the
ERG became supernormal was performed so that the
examiner did not know the results of the ERGs.
No abnormalities of the retina were found, and,
although significant numbers of vitreous cells were
found in some eyes, no correlation could be made
between this number and the degree of super-
normality of the ERG.

GROUP III: THE SUBNORMAL RESPONSE AND
RECOVERY
Two groups of animals were used to assess the
subnormal ERG and its subsequent recovery. In the
first group of five animals three had suffered bilateral
posterior uveitis by day 28 after inoculation and their
ERGs were extinct at 120 days. In the other two
animals, where uveitis was not observed within 28
days, the ERG was subnormal at 120 days. Histo-
logical examination of the eyes of these animals
showed complete photoreceptor loss with glial
replacement (Fig. 8) where the ERG was extinct,
while in those where the ERG was subnormal there
was focal photoreceptor destruction. The other
layers of the retina, the pigment epithelium and
choroid, appeared normal. There was no evidence of
continuing inflammation in any eye as judged by the
presence of inflammatory cells.

Fig. 6 A: Photomicrograph ofperipheral retina takenfrom
a control animal with a normalERG (Haematoxylin and
eosin, x200). B: Photomicrograph ofperipheral retina taken
from an animal with a subnormal ERG after disease had
settled. Large areas ofphotoreceptor outersegment are
destroyed (HandE x 100). C: Enlargements ofthe affected
areas show concomitant thinning ofthe outer nuclear and
plexiform layers, whereas D: there are areas ofrelatively
normal retina (Hand E). The retina is artefactually detached.
Pigment epithelium and choroid appear normal (x 200).
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Fig. 7 Histogram showing the number ofanimals that went
supernormal in at least one eyefor each PID.

The subnormal response was analysed further in a
group of 15 animals (10 experimental, five controls)
in a longitudinal study until day 86 after inoculation.
Five animals with subnormal ERGs on day 21 were
killed and the remaining animals had their ERGs re-
corded every 20 days. Fig. 9 shows the change in the
ERG b-wave amplitudes at five different light intensi-
ties for the animals that were followed up. In all ex-
perimental animals there was a significant fall in the
ERG on day 21 with variable recovery after this. Thus
some animals returned to control values, while others
remained persistently subnormal. The subnormal
ERG was also compared against control values as a
function of relative log intensity offlash. Fig. 10 shows
that the amplitude ofthe experimental animals' ERGs
fell below that of the control animals at all intensities,
and that the greater the intensity the greaterthe fall, as
shown by a lower slope in ERG increase.

Discussion

We have demonstrated that there is a close correla-
tion between the changes in ERG function and the

Fig. 8 Photomicrograph toshow endstage disease in a
severely affected rat which hadan extinct ERG. The
photoreceptors are completely replaced byfibrous tissue and
there is some thinning ofthe inner nuclear layer. H and E,
x200.
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Fig. 9 b-Wave amplitude
(mean±SE) for controls at PID 21
(circles) and experimental animals
(squares) at PIDS21, 37, 59, and 86
atfive intensities (Lu). Student's t
test compared the values ofcontrol
and experimental animals.
****p<0-0005, ***p<0o005,
**p<0-025, *p<0o05.
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pathological changes of posterior uveitis in black
hooded Lister rats produced by inoculation of retinal
S-antigen. The ERGs underwent a supernormal
stage 13-18 days after inoculation, when no patho-
logy of the retina was evident. The ERGs then
became rapidly subnormal as pathological changes
developed in the photoreceptors, and recovered
slowly to approach control levels with clinical
recovery of the disease. The degree of subnormality
of the ERG correlated with the extent of photo-
receptor destruction when disease had settled.
Even when clinical recovery from the disease had
occurred, focal photoreceptor destruction was still
apparent in histological sections of eyes from those
animals which showed persistently subnormal ERGs.
The ocular inflammation induced by the inocula-

tion of retinal S-antigen in the black hooded Lister rat
primarily affected the retina. The disease produced a

marked retinal vasculitis confirmed both clinically
and angiographically. The retinal vasculitis was

accompanied by a focal mononuclear cell infiltrate in
the photoreceptor layer associated with necrosis and,
in very severe disease, the whole photoreceptor layer
was replaced by glial tissue. Pathological changes

affecting the iris, ciliary body, and choroid were

rarely seen.'7
The physiological function of the retina underwent

dynamic changes in this animal model of posterior
uveitis as the ERGs initially increased before they
significantly decreased. The initial increase in the
ERG often coincided with the presence of inflam-
matory cells in the vitreous, but no clinical or.
histological signs ofiretinal disease were seen. The
increase in ERG amplitudes was associated with a

reduction in the ERG flicker fusion frequency, which
indicated that 'supernormality' of the ERG was a
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transiently occurring abnormal response of the
retina.

Previous authors'24 have also noted super-
normality of the ERG in experimental uveitis and in
uveitis in man,9 the changes being most marked in the
b-wave, indicating that the initial lesion may lie in the
post-receptoral retina from where the b-wave is
generated. Others,2" however, have reported an
increase in the ERG c-wave associated with changes
on electron microscopy in the retinal pigment
epithelium (RPE), suggesting that the earliest site
of disease is the apical border of the pigment
epithelium, where the c-wave is generated.2' We
found the amplitudes of both the a- and b-waves were
increased without any change in the b: a ratio. This
would suggest that the initial lesion was likely to be at
the level of the photoreceptor, from which retinal S-
antigen is derived.
The question arises why the ERG was supernormal

before retinal disease became apparent. Since super-
normality occurred in the third week after inocula-
tion, when antibody titres reached their highest
levels,'7 we suggest that the supernormal ERG is due
to some unidentified biochemical change associated
with the activity of antibodies against retinal S-
antigen. There is now increasing evidence that retinal
S-antigen is identical to the 48K protein involved in
visual transduction.2 This protein is thought to cap
off phosphorylated rhodopsin to maintain it in an
inactive state. Antibodies against' this protein there-
fore may mop up the available S-antigen and in turn
allow an uninhibited reaction by activated rhodopsin.
However, until these antibodies have been shown to
react with S-antigen in vivo, this hypothesis remains
speculative.
Our study also showed that the ERGs became

94

000* I

*000

I

 group.bmj.com on February 14, 2012 - Published by bjo.bmj.comDownloaded from 

http://bjo.bmj.com/
http://group.bmj.com/


Experimentalposterior uveitis. II. Electroretinographic studies

ERG predicts that the lesion responsible affects the
photoreceptor layer, and this was confirmed histo-
logically as the main pathology in this animal model
was destruction of the photoreceptors. Furthermore,

AV two functions of the ERG predicted that this destruc-
tion was a focal rather than a diffuse process. Firstly,
the implicit times of the a- and b-waves did not

r = 0-97 change, and this has been shown to correlate with
slo e-1.7 focal rather than diffuse patterns of retinal

disease.23 24 Secondly, the slope of the intensity/
amplitude function was reduced, suggesting a loss of
functional retinal area rather than overall retinal
sensitivity loss. Moreover in cases when the ERGs
were extinguished a complete photoreceptor loss was
apparent.
We noted that in the majority of animals the

ERGs recovered after the disease had settled. The
degree of this recovery ranged from none at all, when
the photoreceptor layer was completely destroyed, to
control values, when the photoreceptor layer was
largely unaffected. This finding implies that other
mechanisms induced by inflammation in the retina

r 0-99 must contribute reversibly to the depression of the
slope 0-7 ERG during active disease. It is also important toslope -07 note that the good correlation between the degree of

ERG loss and the extent of photoreceptor destruc-
tion was found when the disease was inactive. On the
basis of these observations we suggest that the
measurement of ERG functions when the disease is
inactive may play an important role in estimating the
extent of photoreceptor damage in posterior uveitis.
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Fig. 10 Mean b-wave amplitudefor control (closed circles)
and experimental animals (open circles) on PID 21. Solid
lines are bestfits by regression analysis at the different light
intensities. r=correlation coefficient.

subnormal during active disease, but in most cases

they recovered to a varying extent when the disease
had settled. The depression of the ERG has been
found by other authors studying EAU,`'12145 but
they noted that the change was mostly confined to the
b-wave, implicating the inner retinal layers. Further-
more similar changes have been found in man.569
This pattern of ERG change would also have been
expected in this study, since the earliest sign of
disease observed histologically was a perivasculitis of
the retinal vessels which supply the retinal structures
that generate the b-wave. However, we found that
both the initial increase and subsequent depression of
the ERG occurred without affecting the b:a ratio.
The decrease in both a- and b-wave amplitudes of the
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