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(Abstract \

Cones are primarily involved in photopic vision and light adaptation. Rods are responsible for
scotopic vision and dark adaptation. The typical time-courses of light and dark adaptations have
been known for century. However, information regarding the minimal adaptation time for
electroretinography (ERG) and pupillography would be helpful for practical applications and
clinical efficiency. Therefore, we investigated the relationship between adaptation time and the
parameters of ERG and pupillography. Forty-six eyes of 23 healthy women (mean age, 21.7 years)
were enrolled. ERG and pupillography were tested for right and left eyes, respectively. ERG with
a skin electrode was used to determine amplitude (V) and implicit time (msec) by the records of
rod-, flash-, cone-, and flicker-responses with white light (0.01-30 cd-s/m?). Infrared
pupillography was used to record the pupillary response to 1-sec stimulation of red light (100
cd/m?). Cone- and flicker- (rod-, flash-, and pupil) responses were recorded after light (dark)
adaptation at 1, 5, 10, 15, and 20 min. Amplitude was significantly different between 1 min and >5
or >10 min after adaptation in b-wave of cone- or rod-response, respectively. Implicit time differed
significantly between 1 min and >5 min after adaptation with b-wave of cone- and rod-response.
There were significant differences between 1 min and >10 or >5 min after dark adaptation in
parameter of minimum pupil diameter or constriction rate, respectively. Consequently, light-
adapted ERGs can be recorded, even in 5 min of light adaptation time without special light
condition, whereas dark-adapted ERGs and pupillary response results can be obtained in 10 min
or longer of dark adaptation time in complete darkness.
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1. Adaptation of retina and pupil

Cones and rods respond only to light falling
on the retina from a specific direction. These
allow them to detect the amount of light
originating from a small point in the
viewing space. They are the two types of
photoreceptor cells which contribute to the
duality of vision. Cones are primarily
involved in photopic vision or vision in
bright light, rods are responsible for
scotopic vision or dark vision, and both
types of cells are involved in mesopic vision
or vision in dim lighting. Due to the distinct
responses and characteristics of cones and
rods, the eye can efficiently adapt to a wide
range of lighting environments. When
moving from a light (dark) environment to a
dark (light) environment, it is initially
difficult to see things clearly, but the eye
adjusts with time. This is called dark (light)
adaptation ™. The process of light
adaptation is usually completed extremely
quickly and is known to be primarily
dependent on neural sensitivity regulations
such as a-adaptation through a neural
process and the subsequent B-adaptation
through a photochemical process 2. In
contrast, dark adaptation occurs gradually,
and the synthesis of photobleached
rhodopsin is primarily responsible for this
process Fl.

Electroretinography (ERG) and
pupillography are the primary elements that
are known to change in the light and dark.
The evaluation of ERG is essential in the
early discovery and treatment decision-
making process for eye disorders that result
in blindness [, and pupillary response is an
important objective clinical finding of the
autonomic nervous system ! emotion [,
and fatigue ["l. For these reasons, accurate
assessment of these elements is desired.
However, both show large individual
differences and the values obtained fluctuate
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due to physiological noise ! and hippus of
biological origin °1. Although the evaluation
of ERG and pupillary response in the dark
requires consideration of adaptation time,
this is determined by the institution or
examiner and no consensus has yet been
reached.

The International Society for Clinical
Electrophysiology of Vision (ISCEV)
specifies the protocol for full-field clinical
ERG as: “The recording conditions outlined
below specify 20 min of dark adaptation
before recording dark-adapted ERGs, and
10 min of light adaptation before recording
light-adapted ERGs” [19. These standards
are good markers to determine adaptation
time.

On the other hand, the pupil, which
changes diameter between light and dark
environments, shows less contribution to
adaptation than do cones and rods. The
effects on dark adaptation-derived changes
on the pupillary response during dark
adaptation are given only minimal attention.
In previous reports 12221 dark adaptation
times have ranged widely from 10 sec to 30
min; however, the rationale for setting these
specific times was unclear.

We therefore considered that not only
various body fluctuations, but also
discrepancies in adaptation time could be
factors that decrease the accuracy of test
results. Here, we described the relationship
between adaptation time and the parameters
of ERG and pupillography in 46 eyes of 23
young healthy women (age, 20-30 years).
The information regarding the minimal
adaptation time for ERG and pupil
measurements would be helpful for
practical application and clinical efficiency.

2. Electroretinography

ERG with a skin electrode was performed
using an LE-4000 (Tomey Co., Nagoya,
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Japan) in the right eye (23 eyes). The pupil
was dilated with a solution of 0.5%
tropicamide and 0.5% phenylephrine
hydrochloride (Mydrin-P, Santen
Pharmaceutical Co., Osaka, Japan). Skin
electrodes were attached to the lower eyelid,
reference electrode to the forehead, and
grounding electrode to the ear lobe. The
cone- (8 responses), 30 Hz flicker- (50
responses), rod- (8 responses), and flash-

Table 1.

(2) Amplitude
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response (4 responses) with white light
(0.01-30 cd-s/m?) were measured. Cone-
and 30 Hz flicker-responses were recorded
after light adaptation and rod- and flash-
responses were recorded after dark
adaptation at 1, 5, 10, 15, and 20 min.
Amplitude (uV) and implicit time (msec)
were evaluated.

Table 1 summarizes (a) the amplitude and
(b) the implicit time by adaptation time.

Electroretinography by adaptation time

Amplitude (uV)
1 min 5 min 10 min 15 min 20 min
Cone resnonse a-wave 11.1+49 11.5+3.6 125+45 11.7+55 12.3+4.0
P b-wave 308+59  39.0+9.0  40.1+58 41.8+73 40580
30 Hz Flicker response 27.4+8.8 31.4+108 335+10.8 34.8+99 34.6 +10.8
Rod response 16.5+8.0 23.8+10.3 36.0+7.3 409+9.1 43.2+10.1
Flash response a-wave 66.5+135 68.1+152 722+136 73.7+140 73.7+137
P b-wave 742+183 77.7+176 846+169 90.7+166 89.6+16.7
OP1 8.2+47 9.3+6.2 11.7 4.7 10.9+4.3 9.7+5.9
Oscillatory Potentials OP2 13.5+6.8 14.4+5.8 13.4+5.3 13.9+5.0 13.6+6.4
y OP3 10.3+4.0 114+ 3.2 12.3+5.3 12.1+5.8 12.0+5.8
OP4 5.1+3.8 6.1+26 5826 6.3+22 7.0+4.4
Statistical Analysis by Scheffe test
30 Hz
Cone Flicker Rod Flash
a-wave b-wave a-wave b-wave OP1 OP2 OP3 OP4
vs. 5 min 0.9986 0.0169 0.7879 0.1238 0.9977 >0.9999 0.9987 0.9928 0.9637 0.9829
vs. 10 min 0.8965 0.0040 0.4016 < 0.0001 0.7520 0.8924 0.8896 > 0.9999 0.7333 0.8645
1 min
vs. 15 min 0.9946 0.0003 0.2140 < 0.0001 0.5524 0.3545 0.9534 0.9997 0.8195 0.6570
vs. 20 min 0.9388 0.0023 0.2310 < 0.0001 0.5596 0.4517 0.4030 > 0.9999 0.8424 0.6366
vs. 10 min 0.9721 0.9930 0.9730 0.0007 0.9104 0.8446 0.9697 0.9874 0.9820 0.9929
5 min vs. 15 min > 0.9999 0.8208 0.8677 <0.0001 0.7657 0.2989 0.9929 0.9991 0.9948 0.9296
vs. 20 min 0.9883 0.9784 0.8839 < 0.0001 0.7718 0.3882 0.5930 0.9958 0.9968 0.9197
10 min  vs. 15 min 0.9873 0.9680 0.9965 0.4812 0.9979 0.8909 0.9996 0.9991 0.9999 0.9957
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vs. 20min -~ > 0.9999 0.9999 0.9978 0.1271 0.9982 0.9431 0.9224 > 0.9999 0.9996 0.9941
15min vs. 20 min 0.9960 0.9879 >0.9999 0.9505 > 0.9999 0.9999 0.8404 >0.9999 >0.9999 > 0.9999
(b) Implicit time
Implicit time (msec)
1 min 5 min 10 min 15 min 20 min
Cone response a-wave 13.4+1.8 13.3+2.0 135+1.8 13.4+1.8 13.2+1.8
P b-wave 30.2+1.2 288+ 1.6 28.8+1.0 28.7+0.8 28.8+0.8
30 Hz Flicker response 25.3+04 24.9+0.5 24704 24.6 £ 0.5 24.7+£0.5
Rod response 66.9 + 8.9 82.3+155 885+9.6 85.3+10.6 86.0+11.7
Elash response a-wave 9.8+1.2 9.6+0.8 9.7+0.9 9.7+0.8 98+1.0
P b-wave 39.9+18.8 425+ 15.7 451+ 114 449 +13.3 459 +10.3
OP1 15.1+2.0 15.1+1.8 155+15 158+1.3 149+23
Oscillatory Potentials OP2 21.1+24 21.0+23 21.8+2.1 22.1+20 214+ 27
y OP3 28.0+29 27626 286+2.1 285+25 27.8+2.6
OP4 34.7+3.5 35.2+3.1 35.7+2.7 359+35 35.0+3.4
Statistical Analysis by Scheffe test
30 Hz
Cone Flicker Rod Flash
a-wave b-wave a-wave b-wave OP1 OP2 OP3 OP4
vs. 5 min 0.9998 0.0032 0.1643 0.0011 0.9669 0.9863 0.6413 > 0.9999 0.9922 0.8184
vs. 10 min -~ > 0.9999 0.0033 0.0027 < 0.0001 0.9999 0.8225 >0.9999 0.8770 0.9562 0.6813
1 min
vs. 15min > 0.9999 0.0012 0.0005 < 0.0001 0.9997 0.8401 > 0.9999 0.7031 0.9799 0.5931
vs. 20 min 0.9942 0.0023 0.0022 <0.0001 >0.9999 0.7320 > 0.9999 0.9954 0.9998 0.9995
vs. 10 min 0.9984 > 0.9999 0.6401 0.5140 0.9872 0.9825 0.6935 0.8563 0.7876 0.9994
5 min vs. 15 min 0.9998 0.9991 0.3752 0.9440 0.9907 0.9864 0.7220 0.6780 0.8548 0.9963
vs. 20 min 0.9992 >0.9999 0.6042 0.8810 0.9643 0.9550 0.6117 0.9919 0.9988 0.9067
vs. 15 min > 0.9999 0.9990 0.9939 0.9249 >0.9999 >0.9999 >0.9999 0.9975 >0.9999 > 0.9999
10 min
vs. 20 min 0.9833 >0.9999 > 0.9999 0.9702 0.9998 0.9998 > 0.9999 0.9799 0.9071 0.8000
15 min vs. 20 min 0.9937 0.9999 0.9965 0.9997 0.9996 0.9997 0.9998 0.8986 0.9479 0.7211
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Results are shown as mean +* standard
deviations. Statistical analyses (one-way
ANOVA with the Scheffe test) in all the
time-points are also shown. Amplitude was
significantly different between 1 min and >5
or >10 min after adaptation in b-wave of
cone- (1 min vs. 5, 10, 15, and 20 min, P =
0.0169-P = 0.0003) or rod-response (P =
0.1238-P < 0.0001). No differences
between adaptation times were observed
with a-wave of cone-, 30 Hz flicker-, and
flash-response (P = 0.2140-P > 0.9999)
(Figure 1 a). Implicit time differed
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significantly between 1 min and >5 min
after adaptation with b-wave of cone- (P =
0.0012—P = 0.0033) and rod-response (P =
0.0011-P < 0.0001). With 30 Hz flicker-
response, significant differences were
observed between 1 min and >10 min (P =
0.1643-P = 0.0005). Significant differences
between adaptation times were not observed
with a-wave of cone- and flash-response (P
= 0.5931-P > 0.9999) (Figure 1 b). Figure
2 (a: Cone, b: 30 Hz Flicker, c: Rod, d:
Flash) shows the typical waveforms.
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Figure 1. Electroretinography by adaptation time

(a) Amplitude is significantly different between 1 min and >5 or >10 min after adaptation in
b-wave of cone-response (1 min vs. 5-20 min, P = 0.0169-P = 0.0003) or rod-response (1
min vs. 5-20 min, P = 0.1238-P < 0.0001), respectively. (b) Implicit time differed
significantly between 1 min and >5 min after adaptation with b-wave of cone-response (1
min vs. 5-20 min, P =0.0012—-P = 0.0033) and rod-response (1 min vs. 5-20 min, P=0.0011—
P <0.0001). With 30 Hz flicker-response, significant differences are observed between 1 min
and >10 min (1 min vs. 5-20 min, P = 0.1643-P = 0.0005). Results are shown as mean +
standard deviations.
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Figure 2. Typical waveforms of electroretinography (ERG)
(a) Cone, (b) 30 Hz Flicker, (c) Rod, (d) Flash. Light-adapted ERGs can be recorded even in
5 min of light adaptation time. Dark-adapted ERGs can be obtained in 10 min or longer of

dark adaptation time.

Infrared pupillography (Iriscorder Dual C-
10641, Hamamatsu Photonics, Hamamatsu,
Japan) was used to measure the pupillary
light reflex to 1-sec stimulation of 635-nm
red light (100 cd/m?) at 1, 5, 10, 15, and 20
min after dark adaptation in the left eye (23

Copyright 2021 KEI Journals. All Rights Reserved

eyes). The following parameters of
pupillary response were assessed: initial
pupil diameter (D1, mm), minimum pupil
diameter (D2, mm), constriction rate
(CR, %), time from light stimuli to start of
constriction (T1, msec), time required until
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pupil diameter becomes half the size of
initial pupil diameter (T2, msec), time
required to reach minimum pupil diameter
(T3, msec), time required to recover 63% of
minimum pupil diameter (T5, msec),

maximum velocity of constriction (VC,
mm?/sec), maximum velocity of dilation
(VD, mm?/sec), and maximum acceleration
of constriction (AC, mm?/sec?).

Table 2. Pupillography by adaptation time
Pupillary response
1 min 5 min 10 min 15 min 20 min
D1 (mm) 58+0.6 57+0.8 57+0.8 57+0.8 58+0.7
D2 (mm) 43+0.8 3.8+0.8 3.6+0.6 3.4+0.7 3.5+0.7
CR (%) 25.5+9.2 33.4+7.3 37.1+6.9 40.1+5.2 38.6 + 6.6
T1 (msec) 281 + 25 264 + 42 267 + 19 269 + 47 260 + 20
T2 (msec) 275+ 76 274 + 63 281 + 69 282 + 53 281 + 45
T3 (msec) 857 + 267 989 + 256 1055+ 158 1067 +165 1064 + 127
T5 (msec) 1328 £+299 1418 +316  1489+417 1541 +441 1525+ 316
VC (mm?/sec) 3.9+0.8 45+0.9 48+0.8 5.1+0.8 5.1+0.6
VD (mm?/sec) 1.8+0.5 2.1+05 2.4+0.4 2.4+0.4 2.3+0.4
AC (mm?/sec?) 449+128 515+10.1 542+128 53.5+96 54.7+9.6
Statistical Analysis by Scheffe test
D1 D2 CR T1 T2 T3 T5 VvC VD AC
vs. 5 min 0.9899  0.2556  0.0251  0.6537 >0.9999  0.9924  0.9647  0.3606  0.2551  0.5168
vs.10min 09874  0.0305  0.0002 07832  0.9992 09302 07599  0.0376  0.0017  0.1669
1 min
vs.15min  0.7263  0.0074 <0.0001  0.8859  0.9980  0.9338  0.5302  0.0012  0.0019  0.2615
vs.20min  0.8045  0.0257 <0.0001  0.4232 09993 03927  0.6051  0.0005  0.0037  0.1273
vs. 10min  >0.9999  0.9036  0.6553  0.9995  0.9986  0.9961  0.9849  0.8680  0.3974  0.9696
5min  vs.15min 09432  0.6700  0.0910  0.9929  0.9968  0.9967  0.8981  0.2586  0.4162  0.9911
vs.20min  0.9722  0.8809  0.2920  0.9965  0.9986  0.6742  0.9358  0.1700 05344  0.9433
vs.15min  0.9467  0.9915  0.7850  0.9995 >0.9999 >0.9999  0.9956  0.8224 >0.9999  0.9998
10 min
vs.20min  0.9746 >0.9999  0.9767  0.9791 >0.9999  0.8806  0.9989  0.7093  0.9995 > 0.9999
15min  vs.20min  >0.9999  0.9950  0.9819  0.9344 >0.9999  0.8668 >0.9999  0.9997  0.9997  0.9986

Copyright 2021 KEI Journals. All Rights Reserved
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Table 2 presents a summary of the
pupillary response by adaptation time.
Results are shown as mean * standard
deviations. Statistical analyses (one-way
ANOVA with the Scheffe test) in all the
time-points are also shown. There were
significant differences between 1 min and
>10 or >5 min after dark adaptation in D2
(Iminvs. 5, 10, 15, and 20 min, P = 0.2556—

Copyright 2021 KEI Journals. All Rights Reserved
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P =10.0074) or CR (P = 0.0251-P < 0.0001).
The parameters of VC and VD differed
significantly between 1 min and >10 min
after adaptation (P = 0.3606—P = 0.0005 and
P = 0.2551-P = 0.0017). No differences
between adaptation times were observed
with D1, T1, T2, T3, T5, and AC parameters
(P =0.1273-P > 0.9999) (Figure 3). Figure
4 shows the typical waveforms.
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Figure 3. Pupillography by adaptation time

There are significant differences between 1 min and >10 or >5 min after dark adaptation in
the parameter of minimum pupil diameter (D2) (1 min vs. 5-20 min, P = 0.2556—-P = 0.0074)
or constriction rate (CR) (1 min vs. 5-20 min, P = 0.0251-P < 0.0001), respectively. Results
are shown as mean * standard deviations.
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Figure 4

1 mm

Figure 4. Typical waveforms of pupillography
Pupillary response can be obtained in 10 min or longer of dark adaptation time.

4. Dark adaptation curve

Goldmann-Weekers  dark  adaptometer
(Haag-Streit, Switzerland) was used to
assess  time-dependent changes light
perception threshold in total and partial

Copyright 2021 KEI Journals. All Rights Reserved

retina conditions after 10 min of 2,000-asb
light adaptation with 8 subjects chosen
randomly.The dark adaptation curve is
shown in Figure 5. Results are shown as
mean * standard deviations. In the total
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(partial) retina conditions, the rod-cone
break was observed after 7 £ 3 (7 £ 2) min.
Thresholds with dark adaptation times
changed in the following manner: 1057 ©8)
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after dark adaptation, 1054 *9 at 5 min, 10*5
©5) at 10 min, 10*1 G0 at 15 min, and 1037
2®) at 20 min. In both conditions, the final
threshold after 39 £ 7 min of dark adaptation

was recorded approximately 2 logs lower
than the threshold at the rod-cone break.

at the first response point (30 sec after
starting measurement), 10%1 ¢4 at 1 min

Figure 5
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Figure 5. Dark adaptation curve

(®) Total retina, (o) Partial retina. The horizontal axis represents time in dark and the vertical
axis represents the log threshold. In the total (partial) retina conditions, the rod-cone break is
observed after 7 (7) min. Thresholds with dark adaptation times changes in the following
manner: 1051 G4 at 1 min, 1054*9 at 5 min, 105G at 10 min, 10+ @9 at 15 min, and 1037

2®) at 20 min after dark adaptation.
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5. Adaptation time for
electroretinography and pupillography

The typical time-courses of light and dark
adaptations have been known for century.
Factors associated with adaptation of retina
include: photobleaching and synthesis of
rhodopsin and three types of opsin
contained in photoreceptor cells [,
chemical change in the response
characteristics of photoreceptor cells 2],
and reconstruction of a neural network
consisting of bipolar cells and retinal
ganglion cells 241, According to Rushton et
al. [ the threshold is not simply
determined by the rhodopsin concentration
alone. Comparing the rhodopsin synthesis
rate of 90% and 100%, the rhodopsin
concentration increases 1.1-fold, but the
threshold becomes 1/100 (i.e., sensitivity
increases 100-fold). This indicates that
adaptation occurs within a different pathway

in addition to changes in rhodopsin
concentration.  Nonetheless, the dark
adaptation  process shows a linear

relationship with the rhodopsin synthesis
process. The response curves of cones and
rods, known as multiplicative adaptations,
shift depending on the intensity of the
adaptation background according to an
electrophysiological experiment by
Normann et al. ?6], For example, when the
intensity of background light is increased
10-fold, a similar response cannot be
obtained unless the target light intensity is
also increased 10-fold. Multiplicative
adaptation takes place within a short period
of time, but occurs through chemical
changes such as the opening and closing of
ion channels at the photoreceptor cell outer
segment 23241, Retinal ganglion cells, which
exist at the final level of light transmission
in the retina, possess a receptive field
structure. This structure changes depending
on the status of adaptation. Glezer 27
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demonstrated in a  psychophysical
experiment that these cells possess a
receptive field structure with an ON center-
OFF surrounding. When the adaptation
level is low, retinal ganglion cells bind
extensively to surrounding photoreceptor
cells in an excitatory state, thereby
efficiently using even small amounts of
light; however, when the adaptation level is
high, the binding range narrows, and the
cells bind to nearby photoreceptor cells inan
inhibitory manner, resulting in a structure
suitable for maximizing spatial resolution.
Adaptation through the reconstruction of the
neural network plays dual roles of
responding to light/dark changes in the
visual environment and improving visual
spatial resolution.

In the present study, prior to the ERG
measurement, a survey and routine vision
exams were conducted in an examination
room with approximately 550 Ix of light.
Photobleaching of rhodopsin occurring
through this light environment, and
synthesis began after switching to a dark
environment. The rod-cone break was
observed after about 7 min in the dark
adaptation curve. Because the dark
adaptation process has a linear correlation
with the rhodopsin synthesis, the rod-cone
break approximately 10 min after dark
adaptation, and the results of the dark-
adapted ERG were consistent. Our findings
showed that stabilization of rod responses,
occurring at >10 min after dark adaptation,
was related to the synthesis of rhodopsin.

Contrastingly, in the natural level of
photopic vision, sensitivity regulation is
dependent on the phototransduction cascade
of photoreceptor cells and on the network
processing of retinal ganglion cells rather
than on the photobleaching of rhodopsin and
completes the regulation extremely quickly.
Basic experiments have also demonstrated
that when light intensity nears the maximum,
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the shift in the adaptation response curve
reaches the limit, resulting in the
photobleaching of rhodopsin and saturation
of rod responses 261, The level in which rod
saturation occurs is approximately 2,000—
5,000 scotopic-Td 281, This scotopic retinal
illuminance is converted to approximately
120-300 cd/m? of daylight photopic vision
luminance where the rod response is mostly
saturated in the natural level of photopic
vision (e.g., 1.5 min at 185 cd/m?) 29,
Therefore, with the light-adapted ERG, the
amplitude and implicit times were generally
good even at 1 min after light adaptation,
and both had stabilized by 5 min, indicating
that assessment was fully feasible without
specifically employing a long period of light
adaptation (e.g., 10 min at 30 cd/m?) (291,

The pupil changes diameter between light
and dark environments and controls the
amount of light that reaches the retina. Due
to their physiological characteristics and the
autonomic nervous system, dark adaptation
is necessary before measurement, and the
measurement itself is also typically
performed in the dark. Moreover, the
pupillary response to 1-sec stimulation of
red light is primarily driven by cones and
rods B33 However, dark adaptation times
have ranged widely from 10 sec to 30 min
in previous reports 1122 Wang et al. 28
showed a significantly increased pupillary
response during dark adaptation and
recommended a period of 20 min of dark
adaptation.

In the present study, D2 was the smallest
and CR was the largest >10 min after dark
adaptation, but the other parameters
obtained did not differ based on time in the
dark. The sensitivity of photoreceptor cells
differs depending on the color of the
stimulating light. Cones detect light in 380—
720 nm. Maximum sensitivities are reached
on the spectral sensitivity curve with light
wavelengths of approximately 555 nm in
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photopic vision and approximately 505 nm
In scotopic vision. Rods do not sense colors
but only sense light at 380-650 nm.
However, with short- to medium-
wavelength light, the threshold of cones that
sense the unique color (i.e., wavelength) of
the stimulating light is greater than the
threshold of rods that only sense light, and
the shorter the wavelength, the greater the
sensitivity of the rods compared to cones
(i.e., photochromatic interval) B4, In
contrast, cones and rods have nearly the
equivalent sensitivity for long-wavelength
light. Thus, there is no photochromatic
interval under such a setting. The
parameters obtained of pupillary response
are likely responses derived from both cones
and rods because red light of 635 nm was
used as the stimulus in this study. T2 and T3
are  parameters that reflect the
parasympathetic nerve, while T5 is reflects
the sympathetic nerve %1, As these did not
significantly differ in adaptation time, we
deduced that adaptation and the autonomic
nervous system are minimally associated.
D1 was 5.7-5.8 mm at any dark
adaptation time, reflecting the state of the
pupil that is released from the autonomic
nervous regulation. Yamaji et al. [
reported in rabbits that strength (passive
tension) for the pupillary sphincter
(pupillary dilator) to return to the baseline
state increases when the pupil diameter
becomes larger or smaller. When the two
muscle strengths balance each other and the
tension is zero, the pupil diameter is
equivalent to approximately 6 mm in
humans. This size is the physically
stabilized state of a pupil free from the
control of the autonomic nervous system.
Moreover, the pupil diameter under
conditions of brain death is 5.7 £ 1.2 mm,
representing a median distribution of about
6 mm B, Brain death is a state in which
autonomic nervous function is halted, and a
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diameter of approximately 6 mm is
therefore presumed to result when the pupil
is released from the control of the autonomic
nervous system. The D1 results corroborate
these reports. D2 differed significantly 10
min after dark adaptation and CR was
significantly different 5 min after dark
adaptation. One factor involved in the time-
dependent reduction of pupil diameter is the
supranuclear inhibitory element against the
Edinger-Westphal (E-W) nucleus B8, When
the supranuclear inhibitory element is
removed and the cells of the E-W nucleus
are in an excited state (overactivated), a
reduction in pupil diameter occurs, similarly
to a mechanism in which the pupil constricts
during fatigue or sleep. However, D1 is also
thought to shrink with this factor. Therefore,
the most important points of this study were
that we found an even greater reduction was
induced due to the rhodopsin synthesis,
indicating that >10 min of dark adaptation is
required for pupil testing.

There are two limitations in this study.
Only young healthy women were evaluated
because age and gender differences tend to
affect the ERG amplitude and pupillary
response, therefore these results may not be
generalizable in other populations. Another
limitation is that the application of these
results to patients with an eye disorder
remains unknown.

6. Conclusions

We found that a natural light environment is
sufficient for photopic vision and that light-
adapted ERGs can be recorded, even in 5
min of light adaptation time. Furthermore,
dark-adapted ERGs and pupillary response
results can be obtained in 10 min or longer
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of dark adaptation time
darkness.
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