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DURING an investigation of the electroretinogram of the dog (Parry,
Tansley, and Thomson, 1953), some observations were made on Red Irish
Setters suffering from hereditary degeneration of the retina. This form of
retinal degeneration is inherited as a Mendelian recessive character and is
characterized by degeneration of the rod nuclei at a very early age
(Parry, 1953).
The degeneration results in night-blindness and loss of the electroretino-

gram in young animals. Later the dogs become totally blind.
In normal puppies the eyes open about 10-15 days after birth but no

electroretinogram can be recorded until about 21 days when it is normal in
general appearance but with a very small b-wave. From this age on the
b-wave increases until it reaches its full size between 40 and 50 days (Fig. 1,
overleaf).

This finding is in accordance with the results on mice reported by Keeler,
Sutcliffe and Chaffee (1928), on rabbits by Demirchoglian and Mirzoian
(1953), on man by Zetterstrom (1951), and on frogs by Miuller-Linumroth
and Andree (1954). In none of these species can an electroretinogram be
recorded from very young eyes.
We were interested to discover whether an electroretinogram can ever

be obtained from a puppy suffering from this type of hereditary retinal
degeneration, and if so, how its appearance and subsequent disappearance is
related to the progress of the disease as determined by histological
examination.

For this purpose we investigated a litter, both parents of which were
known from previous matings and other criteria (Parry, 1951) to be affected so
that all the offspring were homozygous for the retinal condition. There
were six puppies in this litter born 60 days after coitus, of which five
were first tested 22 days after birth. None produced an undeniable electro-
retinogram although two (DO 199 and DO 198) may have had a tiny b-wave
(Fig. 2). One of the five died and was not examined histologically while
another (DO 201) was killed and sections made of its retina. These showed
some degeneration among the rod nuclei but no recognizable differentiation
of their outer limbs. The remaining three dogs were tested again at 26 days,
when DO 199 and DO 198 had definite electroretinograms and the third,
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FIG. 1. Development of electroretinogram in normal puppies. Upper trace,
electroretinogram. Dots in lower trace 0 5 sec. Line displacement: upwards
during presence of light stimulus.

DO 123 none. DO 199 was killed on this day and was found to have very

heavy degeneration of the rod nuclei but also to show differential staining
of the outer limbs. The two remaining dogs were tested for the third time
at 32 days of age when DO 198 may have produced a very small b-wave;
DO 123 certainly did not. The latter was killed on this day and found to
have a marked outer nuclear degeneration and no recognizable outer limbs.
The last dog was tested again at 36 and 48 days after birth. At 36 days the
electroretinogram was still doubtful and at 48 days it was definitely absent.
This dog was killed on the 48th day and found to have very few rods left at
all. These findings are summarized in Fig. 2 and in the Table.
The Table shows that the ability to produce an electroretinogram is

apparently much more closely connected with the presence of differentiated
rod outer limbs than with the actual number of degenerating visual cell
nuclei as judged by a histological count. In the dog the destruction of the
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FIG. 2.-Development and disappearance of electroretinogram in a litter of
diseased puppies.
Dots in lower trace 0 5 sec. Upper trace, electroretinogram. Line displacement;
upwards during presence of light stimulus. Calibration 100 ,uV.

visual cells is spread over more than a month. A few degenerate cells have
been seen in a puppy from a totally affected litter as early as 18 days after
birth but degeneration reaches a peak at about 30 days after which the
counts fall off as the number of rod nuclei decreases. Degenerate rod
nuclei are found, but in steadily decreasing numbers, until there are no rods
left in the retina.

TABLE

Outer Electro-
Dog Outer Nuclear Layer of Retina Limbs retino-

of Rods gram

No. of Degenerate Thickness of Outer
Post-natal Nuclei counted in Nuclear Layer in Present +

No. Age when 8,u thick Section of Cells (normal value Absent-
Examined Whole Retina (mid- in brackets)

dorsoventral plane)

DO 201 22 days 201 10-12 (14-16) _
DO 199 26 days 1,789 8-11 (13-15) + +
DO 203 32 days 444 5-6 (12-14) _
DO 198 48 days 244 4-5 (11-12) _

These results indicate, we think, that in this disease the rod develops a
short but histologically differentiated outer limb and becomes capable of
functioning as a photoreceptor before it begins to degenerate. In addition,
the rods do not all become functional at the same time. If these assumptions
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are correct the presence or absence of an electroretinogram will depend on
the balance between the number of rods which have become fully differ-
entiated and functional and the number which have already died at the time
of testing. Thus, in DO 201 only a few rods had developed far enough to
show outer limbs or to have begun degeneration (in examining the sections
one cannot be sure of the presence of differentiated outer limbs unless there
are a fair number present). In DO 199 most of the rods had differentiated
and, although a large number had subsequently died, enough were left to
enable the retina to produce a measurable response to light. But in DO 203
and 198 too few remained capable of acting as photoreceptors. Such an
interpretation of the results fits in with the histological findings of Bourne,
Campbell, and Tansley (1938) in rats, Tansley (1951) in mice, and the
original suggestion made by Treacher Collins (1919) as to the aetiology of
retinitis pigmentosa in man. It is also strengthened by the observations of
Keeler, Sutcliffe, and Chaffee (1928) and Demirchoglian and Mirzoian (1953)
on mice and rabbits respectively, that an electroretinogram cannot be
obtained from an eye until the rod outer limbs and visual purple have
appeared.
An alternative possible explanation of the results described here might

be that not all the rods degenerate at the same developmental stage, some
being able to survive for a limited period after they have become functional.
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