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Experimental posterior uveitis. II.
Electroretinographic studies
M R STANFORD' AND J ROBBINS2

From the Departments of 'Immunology and Vision Research, the Rayne Institute, UMDS, St Thomas's
Campus, Lambeth Palace Road, London SE] 7EH

SUMMARY Experimental posterior uveitis was induced by the inoculation of retinal S-antigen into
black hooded Lister rats. The time course of the disease was monitored by electroretinography
(ERG), and the ERG changes were correlated with clinical signs and underlying pathological
damage. The ERG became supernormal in the third week after inoculation, with some loss of
temporal resolution (lowered ERG flicker fusion frequency), though the disease was not clinically
manifest at this time and histological examination was normal. The ERG became subnormal after
21 days as clinical signs of disease began to appear. This subnormality was associated with focal
photoreceptor necrosis, the degree of destruction being proportional to the reduction in the ERG.
The ERG recovered with resolution of disease in most cases, though return to control values was
uncommon. We suggest that the initial supernormal ERG reflects an underlying biochemical
change mediated by the action of anti retinal S-antigen antibodies.

The electroretinogram (ERG) is widely accepted as a
useful clinical and experimental technique for the
investigation of retinal disease. The ERG is the
synchronous and sequential response of the retina to
a light stimulus,' and analysis of the component
waves allows anatomical localisation of disease pro-
cesses.23 The ERG has been used in the study of
patients with posterior uveitis,'9 and both super-
normal and subnormal responses of components of
the ERG (usually the b-wave) have been detected.
However, although these abnormalities correlated
with the extent of disease observed clinically, com-
parative analysis with the underlying histopathology
has been impossible owing to the lack of suitable
material. Experimental models of disease are thus
required.

Early ERG studies of experimental allergic uveitis
(EAU) involved the intravitreal injection of hetero-
logous antigen,"" but recently the disease has been
induced by the injection of antigen at a site remote
from the eye, thus avoiding this manipulation.'-"I
The earliest electrophysiological sign of disease in
rodents, which have rod dominant retinae, was an
increase in the size of the scotopic b-wave, followed
by a reduction and then extinction of the ERG as the
disease progressed. In cone rich retinae, such as that
Correspondence to Mr M R Stanford, FRCS.
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found in the pigeon, no change was found in the b-
wave, but the a-wave and oscillatory potentials
became progressively reduced during active
disease."' The subnormality of the ERG corres-
ponded to histologically documented destruction of
the retinae in all these experimental models.
We investigated the electrophysiological responses

of the black hooded Lister rat with inflammatory eye
disease induced by a footpad injection of retinal S-
antigen.'6 Disease in this animal model is confined to
the posterior segment of the eye and shows striking
clinical similarities to posterior uveitis in man, especi-
ally idiopathic retinal vasculitis. 17 There is little
concomitant vitreous inflammation, and artefacts
induced by clouding of the media are largely avoided.
The aims of this study were to correlate ERG changes
during disease with the underlying pathology and to
try to delineate early electrophysiological markers
that might predict disease onset.

Materials and methods

GENERAL EXPERIMENTAL PROCEDURE
A total of 39 male black hooded Lister rats (Bantin
and Kingman), weighing 250-300 g were used.
Twenty-eight of these were experimental animals
and 11 served as controls. At the age of 10 weeks

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.72.2.88 on 1 F

ebruary 1988. D
ow

nloaded from
 

http://bjo.bmj.com/


Experimentalposterioruveitis. I. Electroretinographic studies

experimental animals received 50 [tg of retinal S-
antigen emulsified in Freund's complete adjuvant
(FCA) enriched with Myobacterium tuberculosis (3
mg ml-') divided into 0-1 ml aliquots given into each
hind footpad. Control animals received 0-1 ml of
phosphate buffered saline (PBS) and FCA. The
details of the procedure to purify the retinal S-
antigen by means of size and hydrophobic absorption
chromatography have been described elsewhere.'8
The material used was 80% pure as assessed by
sodium dodecyl sulphate gel electrophoresis (SDS-
PAGE) and scanning densitometry. All rats were
kept on the same shelf under 12-hour light (60 cd
m-2)/dark cycles. They were fed with water and
R and M No. 1 maintenance cubes (SDS).
The animals were divided into three groups. In

each group experimental and control animals were
weight matched. ERGs were performed at the same
time of day for each animal.
Group I. Three experimental and three control

animals were used. Each animal had an ERG
recorded every two to four days (11 separate
recordings/animal) until day 37 after inoculation,
when the experiment was terminated.
Group II. Nine experimental animals and four

controls were used. ERGs were recorded daily from
day 13 to day 20 after inoculation. Experimental
animals were killed when their ERG became signific-
antly enhanced as compared with controls. Control
animals were killed on day 20 after inoculation.
Group III. A: Five experimental animals had ERG

recordings 120 days after inoculation and were then
killed. B: Eleven experimental animals and four
controls had ERG recordings every 20 days until day
86 after inoculation, when they were killed.

PROCEDURE FOR ELECTRORETINOGRAPHIC
INVESTIGATION
Before each ERG recording all the animals were
dark adapted for 30 minutes and anaesthetised with
an intraperitoneal injection of ketamine hydro-
chloride (Ketalar, Parke Davis) 120-180 mg kg-',
which provided a suitable level of anaesthesia for
recordings to be made. 9 The animals were placed in a
home built stereotaxic rat holder.
ERGs were recorded with silver electrodes

embedded in a Perspex contact lens with an indiffer-
ent needle electrode placed in the skin of the cheek.
The pupils were dilated with 1% tropicamide hydro-
chloride (Smith and Nephew). The responses from
each eye were amplified (Electromed AC 3543, band
width 0-2-100 Hz) and displayed on a twin channel
curvilinear pen recorder (Electromed MX212).
Oscillatory potentials were recorded by passing the
signal through a 100 Hz high pass passive filter, and
increasing the top cut to 1000 Hz.

A xenon flash bulb (Nore Microwave NV 615)
projected into a dome producing ganzfeld stimula-
tion (maximum intensity at 0.0 log units=2800 cd
m-2) was used to evoke ERGs. Intensity and wave-
length of the flash were altered by interposing neutral
density and colour (Kodak) filters. The frequency of
the flash rate was varied by a function generator
(Feedback TWG 500). ERGs were recorded with
flashes of different intensities, beginning with the
lowest (that is, with TO log units neutral density
filter). For each intensity level the stimulation rate
was altered from 5 Hz to 30 Hz in 5 Hz steps. Between
each change of intensity level a two-minute interval
was allowed for recovery from light adaptation. After
the above procedure ERGs were also recorded with
red (Kodak 29) and blue (Kodak 47B) flashes. In
later experiments flicker ERGs were obtained with
the highest intensity flashes.

OTHER INVESTIGATIONS
After the ERG recordings each animal was assessed
by slit-lamp biomicroscopy and photographs of the
fundus were taken with a fundus camera (Zeiss).
Fundus photography also allowed an assessment of
the clarity of the ocular media by an independent
observer. The recovery of all animals was monitored
and all animals were weighed regularly to assess their
state of health. At the end of each experimental
series, the animal was anaesthetised with urethane
(1-5 g kg-') and fluorescein angiography was carried
out. The animals were bled by cardiac puncture,
killed by cervical dislocation, and the eyes
enucleated.

HISTOLOGICAL PROCEDURE
The enucleated eyes were placed in 4% glutaralde-
hyde for 12 hours and then in 10% neutral buffered
formalin for more than 24 hours. The eyes were
dehydrated through graded alcohols, cleared in
toluene, and embedded in wax. Histological sections
were stained with haematoxylin and eosin through-
out.

Results

GROUP I: ERG CHANGES FROM DAY 3 TO 37 AFTER
INOCULATION
The main features of the ERG changes observed in
experimental animals in the initial study are shown in
Fig. 1. In two animals (El and E3) the ERG became
supernormal prior to the onset of disease, and this
change was associated with the appearance of
vitreous cells. Subsequently in these two animals the
ERG values fell, becoming subnormal in El with the
onset of clinical disease (disc swelling, periphlebitis,
and retinal infiltrates), approaching subnormality in
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Fig. 1 ERGs atthehighestlightintensity (0log units (Lu))forone control animal and three experimentalanimals (El, E2,
E3) atpostinoculation days 6, 18,26,34, and37. Showing the relationship between clinical disease andERG waveform.
Arrows indicate stimulus.

E3. In animal E2 a bilateral posterior uveitis was
evident on day 16, associated with a severely reduced
ERG. However, in this animal theERG recovered as
disease settled, though it was still subnormal at the
termination of the experiment.
A number of associated features were observed

with the above ERG changes. Firstly, there was no
change in the b-wave:a-wave amplitude ratio (Fig.
2) indicating that the increase or decrease in theERG
was not selective and that the lesion causing this
change occurred at the level of the photoreceptor.
Secondly, the oscillatory potentials (Fig. 3) changed
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Fig. 2 The ratio ofthe a- and b-
waves (mean±SD) for control

(solid line) and experimental
(dashed line) animals at days after
inoculation.
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Fig. 3 Oscillatory potentials (upper trace ofeach set) and corresponding ERGs (lower traces). The oscillatory potentials
were recorded via a high-passfilter. From control (B) and experimental animal E3 at PID 18 (A), El at PID34 (C) and E2 at
PID 18 (D). Arrows indicate stimulus. Note calibration changes.

according to the state of the whole ERG. Thus when
the ERG became supernormal the oscillatory poten-
tials increased in size, and when it was subnormal
they were abolished. Thirdly, there was no change in
either the a-wave or b-wave implicit times (measured
from the stimulus onset to the peak of the wave)
throughout the experiment (Fig. 4). Finally, the
ERG flicker fusion frequency (EFFF) showed a
gradual decline over the study period in experimental

animals (Fig. 5). EFFF is a measure of the temporal
resolution of the retina and is measured by the
stimulating frequency at which the ERG wavelets
became indistinguishable from the baseline.

Figs. 6A, B, C, D illustrate the histological features
found in a control animal and an experimental animal
(E2) at the end of the study period. The animal with
active disease (El) showed 1+ vitreous cells and an
active retinal perivasculitis with some focal photo-

91

L _-- + P. _

f", Y., ---

I I I I I

0 5 10 15 20
PI D

Fig. 4 Implicit times (mean±SD)
ofthe a-wave (circles) and b-wave
(triangles) for control (solid line)
and experimental animals (dashed
line) at 0 Lu at days after
inoculation.
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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).

Number of
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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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600-1

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.

-

=400-

E

0

.6 200-
c

0-

0

2

C21 20

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
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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.

0-

4 2 i

Relative Light Intensity (Lu)
6

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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