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SUMMARY The functional and electrophysiological similarities in the changes in the electroretino-
gram (ERG) of man and cat affected by hereditary retinal degenerative disease were studied. The
results of a series of log intensity-amplitude studies in a group of young affected Abyssinian cats
were fitted to the Naka-Rushton relationship by means of a mathematical package on the
University of London mainframe. The analysis showed that the amplitude of the maximum dark-
adapted b-wave was significantly reduced by the end of the period studied but that the value of k, a
variable inversely equivalent to retinal sensitivity, was only slightly reduced by the retinal
degenerative process. The electrophysiological findings thus are similar to those found in cases of
human diffuse dominantly inherited retinitis pigmentosa.

A recessively inherited rod-cone degeneration has
been described in a strain of Abyssinian cats. I2 Often
at the age of 1-5 to 2 years the fundus is ophthalmo-
scopically normal, but the end stage (blindness)
occurs after another 3-4 years. Thus the progression
of the disease is rather slow.

Previous electrophysiological as well as ultra-
structural investigations in clinically affected adult
cats"have shown that the photoreceptors are
primarily affected in the disease, the rod system
being affected prior to that of the cones. A significant
reduction of scotopic a- and b-wave maximum
amplitudes is seen at an early stage when only minor
changes are observed by ophthalmoscopy. At this
time there is no significant reduction of the c-wave
amplitudes in comparison with controls, and SP
recordings and 30 Hz flicker responses are normal.
One of the aims of investigating photoreceptor

degenerations in animals is to obtain models for
similar diseases in humans. Several rodent'9 and
canine'01' retinal dystrophies have been well docu-
mented. But it is still uncertain whether these
diseases are closely related to any human form of
retinitis pigmentosa (RP). This is true also for the
Abyssinian cat retinal degenerative disease, though
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several clinical and morphological similarities
between the diseases in cat and human are seen.24
This paper is concerned with the functional and
electrophysiological similarities in the changes of the
electroretinogram (ERG) of man and cat affected by
hereditary retinal disease.

Material and methods

ERGs were obtained in 10 affected and 11 control
cats. The methods have been described in detail
elsewhere.'2 In brief. general anaesthesia was
induced with sodium thiopentone and maintained
with halothane; the pupils were dilated with atropine
and neosynephrine. The silver-silver chloride corneal
electrode was contained in a diffusing contact lens,
which helped to make retinal illumination uniform.
The animals were dark adapted for 45 minutes, after
which the series of ERGs were obtained. The 20 ms
white light flashes were produced by an electronic
shutter and delivered to the eye with a fibre optic
system placed in the visual axis. Intensity was varied
over a range of 5 log units by inserting neutral density
filters in the light path. The maximum light intensity
employed was 85 000 lux, measured at the surface of
the contact lens. The amplifier bandpass was 0-3 to
1000 Hz. Responses were displayed and photo-
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graphed from the screen of a storage oscilloscope.
The first records were obtained at 8 weeks of age. The
animals recovered from the anaesthesia and the test
was repeated in several animals at intervals up to 104
weeks of age.

Results

Representative recordings are shown in Fig. 1. As
already shown,'2 there is no change in ERG wave

form or implicit time, but the magnitude of the a- and
b-waves is decreased in affected animals.

In the youngest age group (group 1; 8-16 weeks)
there was a significant decrease in the maximum dark
adapted b-wave amplitude but not of the correspond-
ing a-wave amplitude when affected cats were

compared with controls. In group 2 (17-32 weeks)
the a- and b-wave decreases observed were not
statistically significant, probably because during this

Fig. 1 Representative ERGs of (a)
a 13-week-old Abyssinian kitten
homozygous for hereditary retinal
degeneration (affected); (b) a

12-week-old control kitten; (c) a 56-
week-old affected Abyssinian; and
(d) a 56-week-old control cat.
Vertical barfor (a) and (b) =100
pV, for (c) and (d)=50 [V. 20 ms
of white light stimulus (31 000 lux)
indicated.

time period both the normal and the affected ERG
amplitudes become reduced as the kittens' retina
matures.'""5 In group 3 (33-104 weeks) both a- and
b-wave maximum amplitudes were significantly
reduced. The quantity of light required to elicit a
criterion voltage (50 [V) was determined, and for
the youngest age groups there were no significant
differences between affected and controls. In group 3
there was in one animal an increase in the light
intensity required to elicit a criterion voltage b-wave.
To investigate this point in more detail we fitted the

results to the Naka-Rushton relationship,'
In

V=':vmaxlnkn

where V is the response amplitude in V, Vmax is
the maximum ERG amplitude, I is the stimulus
luminance, k represents the light intensity required
to produce a half-maximal response, and n is a
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dimensionless constant that determines the slope of
the function.
The best fitting results (least squares method) were

obtained by an iterative procedure using the mathe-
matical package on the University of London main-
frame. Results were obtained for the normalised
results of all the animals in each group, and are shown
in Table 1. The variation is the size of Vm.., was as in
the previous study.'2 Note that the computer predic-
tion of the maximum b-wave amplitude was only
34% larger than obtained in the experiment. The
values of k varied slightly from group to group.

After the age of 17 weeks the value of k for the
affected groups was significantly less than for the
normal control kittens. The value of n was similar for
all groups, but was calculated to be considerably less
than unity. Fig. 2 shows representative graphs of
results from individual animals. It can be seen that
the calculated functions fit the results reasonably well
and that there is a real difference in the constants
calculated by the computer program.
An attempt was made to analyse the a-wave data in

the same way as we have analysed the b-wave data,
but the computer program was unable to converge on
a unique relationship.

Discussion

This analaysis has shown that the amplitude of the
maximum dark adapted b-wave is reduced by the end
of the period studied and that the value of k, a
variable inversely equivalent to retinal sensitivity,
has been slightly reduced by the retinal degenerative
process. The electrophysiological findings thus are
similar to those found in cases of human diffuse
dominantly inherited retinitis pigmentosa,'7 18 in
which large rod ERGs are seen, and the value of k is
only slightly affected. In patients with such disease
the visual fields are often sizeable, and large areas
of retina are found with well preserved scotopic

function, so that rod threshold is not raised
significantly.
However, in man there are very few reports on

retinal ultrastructure in dominant disease"' and
none at all which relate to the state of the retinal at an
early stage of the disease, when vision is only scarcely
affected. Such information is available for these cats
(Narfstrom K, Nilsson SE, in press).

Electron microscopy showed that in this strain of
Abyssinian cats retinal alterations may be found in
affected kittens already before the time of retinal
maturation.s In kittens aged 9 to 84 days homo-
zygous for the defect, but still with an apparently
normal retina as judged by-ophthalmoscopy, there
are a certain number of rod outer segments, usually
less than 50% but occasionally more, that appear
completely disorganised and some even disrupted.
These lesions are found in a patchy distribution over
the retina, and are often more frequently observed in
the peripheral retina than the central parts.

It is of interest to consider whether this histological
picture can be reconciled with the electrophysio-
logical and densitometric findings in man and cat as
well as with psychophysical findings in man.

If sensitivity is only slightly reduced when a con-

siderable number of rod outer limbs are disorganised
or disrupted, this is in keeping with the idea that in
many cases of RP sensitivity is reduced only to the
extent that the light-absorbing power of the retina is
reduced-that is, its 'quantum catch'.1'72 Thus, if
50% of rods are affected, sensitivity would be
reduced only by 0-3 log unit. In man and in cat24 2
rhodospin content and sensitivity reductions which
obey this relationship have been reported.

Implicit, on this view, is the assumption that
affected rods do not influence theERG b-wave in any
way: they behave as though they were absent. This
need not be the case. It is possible that even if the
transduction mechanisms of affected rods are
abnormal the dark current is present (and light

Table 1 Pertinent results for the ERG a- and b-wavesfor groups 1, 2, and 3. C=controls cats. A=affected cats

b-Wave Group

1 2 3

C A C A C A

Vmax normalised 1-04 1-03 1-03 1-04 1-02 1-03
Vm.. V (SD) 988-0 (124-0) 581-0 (13-8) 450-5 (34-0) 299-3 (27-8) 324-5 (20.9) 188-0 (16.9)
log k 2-97 (0-06) 2-78 (0-07) 3-21 (0-07) 2-47 (0-06) 3-13 (0-06) 2-75 (0-08)
n 0-43 0-49 0-52 0-49 0-45 0-45

a-wave 1 2 3

C A C A C A

Vm.V(SD) 2080(35-6) 163-3(21.4) 110-8(23-8) 70.8 (13.1) 89.0 (43-9) 521(10-5)
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Fig. 2 Intensity-amplitude relation obtainedfrom an
affected and a control cat in each group in order to illustrate
the theoretical fitting of results done by the computer. (a)
Group 1: 8-16 weeks. (b) Group 2: 17-32 weeks. (c) Group
3: 33-104 weeks. Circles=normal cat, stars=affected
Abyssinian cat.

cannot change it), so that a constant output of
neurotransmitter occurs from the affected rod
presynaptic terminals. Alternatively the membrane
of the disorganised rod might be generally permeable
but all specific ion channels and neurotransmitter
channels absent. In such a case, if rods remain
electrically interconnected," when the responsive
rods absorb light, the reduction in dark current would
cause the cell to have to charge up a larger area of the
cell membrane than in the normal eye.
What is common to all these possibilities is that the

degeneration has two separate effects. If quanta fall
on 'affected' rods, they are not absorbed-for the
rods have vanished-or produce no excitation.
Therefore sensitivity is reduced to an extent deter-
mined by the loss of rhodopsin, or by the reduction in

-+--- ,0-1-- I the number of normal rods. If the quanta are
-1 0 absorbed in 'unaffected rods', the transduction

mechanisms produce a normal electrical signal in the
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outer limb, but this signal is then 'diluted' because of
the presence of the abnormal rods and produces a
reduced effect at the rod synapse. The value of k
would increase to a greater degree than expected
from counts of the number of rods lost. In addition,
the linear part of the V/log I curve would extend to
higher light levels in the affected animals, so the
proportion of Vmax elicited by the most intense light
and the value of n should change. This does not
occur, and therefore the results support the view
that, once a rod has become affected with the
disorganisation shown, it ceases to exert any
influence on signal transmission. In humans clinical
psychophysical studies as well as electroretino-
graphy, field tests, and dark adapted perimetry have
independently led to the suggestion that a drop out of
individual rods occurs. 178 23 27

In both man and cat the maximum b-wave is
reduced. In man this reduction is related to the
decrease in the area of functioning retina, as defined
by perimetry. In cats of the ages we investigated there
are no large areas where all rods are lost. Because the
bipolar cells integrate rod activity over a relatively
large area, a loss of only a proportion of their input
which reduces sensitivity should not reduce the
number of b-wave generators, and thus, unless some
other factor intervenes, Vmax should remain
unchanged. It is known that the b-wave is produced
by Muller cells. One possibility is that all the cells of a
group which are invested by a particular Muller cell
become inactive at the same time. Alternatively, the
reduction in the number of rods alters the environ-
ment of the Muller cell and stops it generating a
maximal current.
The clinical and laboratory findings in the retinal

degenerative disease in this strain of Abyssinian cats
shows that it is distinct from other reported RP-like
diseases in dogs and rodents. The very slow time
course of the degeneration and the fact that a
reduction in ERG amplitudes occurs without major
loss of retinal sensitivity is thus remarkably similar to
the findings in some types of human disease.
Specifically, in dominantly inherited human RP'7 the
value of k is somewhat increased, with a reduced
maximum b-wave amplitude, in just the same way as
in affected Abyssinian kittens.
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ance. The work was supported by grants from the Swedish Medical
Research Council (No. 12X-734), Kronprinsessan Margaretas
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