The early receptor potential in sex-linked
retinitis pigmentosa

Eliot L. Berson and E. Bruce Goldstein

An affected boy and two carrier women in a family with sex-linked retinitis pigmentosa have
reduced early receptor potential (ERP) amplitudes compared to normals. The decrease in ERP
amplitudes localizes a defect in the receptor outer segments. The ERP of the affected boy is
reduced to less than 20 per cent of normal. This ind:cates that both receptor systems are in-
volved in his degeneration. The carrier women have a 50 per cent reduction in ERP ampli-
tude even though they have only slight elevations of rod and cone psychophysical thresholds
and rod and cone ERG amplitudes within the normal range. Both the affected boy and the
carrier women have faster-than-normal ERP recovery rates during dark adaptation. The sig-
nificance of reduced ERP amplitude and change in ERP recovery is discussed.

The recovery rate of the human early
receptor potential (ERP) recorded from
normal subjects during dark adaptation can
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be described by an exponential function
with a half-time of 1.5 - 1.75 minutes.*?®
A previous investigation has shown that
the recovery rates of the ERP of five
children with dominantly inherited retinitis
pigmentosa are faster than normal.? In the
present investigation the rate of ERP re-
covery during dark adaptation was mea-
sured in a family with sex-linked retinitis
pigmentosa to determine if the abnormal
ERP recovery rates present in the dom-
inant type also occur in the sex-linked de-
generation.

In addition to ERP recovery, the ampli-
tudes of the ERP were measured in these
patients. The ERP is generated in the re-
ceptor outer segments*'® and the ampli-
tude of the response depends on visual
pigment concentration, ® receptor morphol-
ogy,** orientation of the visual pigment
molecules within the receptor,’® ** chemi-
cal environment of the receptor,® ** and
the number of receptors. The ERP, there-
fore, is particularly useful for studying the
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involvement of the receptors in hereditary
retinal defects.

Methods

The ERP was generated by stimulating the right
eye with light from an Aimes-Hershey Sunlite-2
electronic flashgun (color temperature 5,800° K.)
with a flash duration of 1 msec. Unless otherwise
noted, the test flash was a white light that
bleached approximately half of the visual pigment.
Pigment bleaching was measured by determining
the relative ERP amplitude generated by two suc-
cessive test flashes. In some cases the test flash
was attenuated with a 0.6 log un:t neutral density
filter; this bleached about 10 to 20 per cent of
the visual pigment. Infra-red and ultraviolet ra-
diations were excluded with Jena KG-3 and WG-1
filters, restricting the stimulus to the visible re-
gion of the spectrum. The test field subtended a
visual angle of 60 degrees and was seen by Max-
wellian view. The stimulus was centrally fixated
by the right eye and fixation was maintained by
a dim red light subtending a visual angle of one
degree presented to the left eye. The left eye was
used to control fixation of the right eye because
sensitivity of the right eye decreased temporarily
following presentation of the test flashes. The pa-
tient’s right pupil was maximally dilated with 10
per cent phenylephrine hydrochloride and 1 per
cent cyclopentolate hydrochloride. A scleral con-
tact lens with a silver electrode was used to re-
cord the ERP. This lens and the methods used
to prevent artifacts have been discussed else-
where.3 Responses were amplified by a Tektronix
122 preamplifier (bandpass 8 to 10,000 Hz.) and
displayed on a Tektronix 502 A oscilloscope.

The amplitude of the ERP was measured by
recording responses of the dark-adapted eye to
single flashes of white light. Amplitudes were mea-
sured from the cornea-positive peak of the ERP,
R1, to the cornea-negative peak, R2. Latencies
were measured from stimulus onset to the peak
of R2. The peaks of Rl and R2 are identified in
Fig. 2.

ERP recovery during dark adaptation was mea-
sured as follows. The patients were first dark
adapted for a minimum of one hour. A test flash
was presented, then one minute later through the
same Maxwellian view optics, a yellow (General
Electric M3 flashbulb with Corning 3384 filter,
A> 500 nm.) 30 msec. bleaching flash was pre-
sented. The bleaching flash was followed by an-
other test flash to determine ERP recovery at vari-
ous times after the bleaching flash. Only one test
flash was presented after the bleaching flash to
avoid possible distortion of the recovery curve by
multiple test flashes. The subject remained in the
same position with the lens in place for each se-
quence. The subject was dark adapted for one
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hour between each sequence. ERP amplitudes
were expressed as percentages of the baseline
dark-adapted ERP amplitude measured prior to
the bleaching flash for each series of recordings.
For each patient 2 to 4 responses were measured
at 10 seconds, 30 seconds, 1 minute, 2 minutes,
and 4 minutes after the bleaching flash to deter-
mine the recovery rate.

Electroretinograms (ERG’s) were recorded
using full field (ganzfeld) stimulation, scotopically
balanced lights, and a 30 c.p.s. flickering white
light stimulus as described previously.15: 16 The
flash duration for the ERG stimulus was 10 gsec.

One affected boy and two carrier women with
sex-linked retinitis pigmentosa were included in
these investigations. The affected boy (S3, age
14), his mother (carrier, S2, age 39), and the
carrier maternal grandmother (S1, age 65) have
been described as patients 1V-26, III-13, and II-6,
respectively, by Berson and associates.l” At the
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Fig. 1. ERP recovery during dark adaptation for
normal subjects (+), two carrier women, S1 (A)
and S2 (@), and an affected boy, S3 (O), with
sex-linked retinitis pigmentosa. Data points for the
patients are the average of 2 to 4 responses. The
recovery curve of the normal subject (N) is based
on the average of four subjects.2 ERP amplitudes
for each subject are expressed as the percentage
of the response of the dark-adapted eye. The ex-
ponential function describing normal recovery has
a half-time of 1.6 minutes. The recovery curve for
the carrier woman is an exponential with half-time
of 55 seconds. The average deviation from the
mean for each determination was £ 5 per cent for
the normals and carrier woman S2, and * 8 per
cent for affected boy S3. The recovery of the car-
rier woman S2 was not affected by decreasing test
flash intensity 0.6 log unit.



60 Berson and Goldstein

R1

DA

v a
R2 :

N

F1g 2. ERPs for normal subjects (

30sec

Investigative Ophthalmology
January 1970

), carrier women (S1 and S2), and affected boy (S3)
for flashes presented to the dark- qdapted eye prior to the bleaching flash (DA

), and 10 or

30 seconds, and 2 minutes after the bleaching flash. The peaks of the cornea-positive phase
of the ERP, R1, and the cornea-negative phase, R2, are labelled on the normal dark-adapted
response. R2 is followed by the leading edge of the ERG a-wave (a). Calibration symbol,
lower left, signifies 50 uV vertically and 0.5 msec. horizontally for columns 1, 2, and 3, and
20 pV vertically and 0.5 msec. horizontally for column 4. Upward deflection represents cornea

positivity.

present time these patients have 20/20 visual acu-
ity and normal color vision on the Farnsworth
D-15 panel. Dark-adaptation testing in the Gold-
mann-Weekers adaptometer with an 11 degree
test spot, 8 degrees above the fovea, showed a
normal final cone threshold. The carrier women
have slightly elevated final rod thresholds, and the
affected boy has a final rod threshold elevated 1.5
log units above normal.2? Retinal profile testings
with 6 minute test spots showed that the affected
boy has elevated rod and cone psychophysical
thresholds at all points within 30 degrees above
and below fixation while the carrier female S2 has
decreased sensitivity only in patches of retina.l?
The affected boy has markedly reduced and de-
layed cone ERG responses and no detectable rod
ERG. Both carrier women have ERG amplitudes
and latencies that are within the normal range.
The affected boy has widespread bone spicule
pigmentation and arteriolar narrowing visible with
the ophthalmoscope. The carrier women have
patches of bone spicule pigmentation in the pe-
riphery and no arteriolar narrowing visible with
the ophthalmoscope.

Four normal controls, ages 21 to 39, were tested
under the same conditions as the patients. When-
ever possible, the normal subjects were tested on
the same day as the patients.

Results

Fig. 1 shows recovery of the ERP during
dark adaptation after presentation of a

bleaching flash at time zero for the carrier
women, the affected boy, and the normal
subjects. The recovery of the -carrier
women (S) is described by an exponen-
tial function with a half-time of 55 seconds.
The recovery of the affected boy is as fast
as, or faster than, that of the -carrier
women. The recovery of these patients is
much faster than the recovery of the four
normal subjects (t, = 1.6 minutes). This
difference in recovery rate between Family
S and the normal subjects is not changed
if the amplitude of the normal subjects is
made comparable to that of the patients
by lowering the test flash intensity.

Fig. 2 shows the ERP tracings recorded
prior to the bleaching flash, and 10 or 30
seconds, and 2 minutes after the bleaching
flash, for a normal person, the two carrier
women, and the affected boy. These trac-
ings are representative of those used to
construct the recovery curve in Fig. 1, The
average amplitudes (+ one standard devia-
tion), recorded from the dark-adapted eye,
are 191 + 40 uV for normal persons, 23 * 6
eV for 83, 95 + 22 xV for S2, and 95 nuV
for S1. The average responses of the carrier












