
Table 1. The influence of disulfiram (200 mg/kg) and DDC (200 mg/kg) on sleeping time induced 
by barbital, and the concentration of barbital in the brain and blood upon return of the righting 
reflex in rats. Barbital (200 mg/kg), was injected 1 hour after CMC, disulfiram, or DDC. Upon 
return of the righting reflex the rats were decapitated and the concentration of barbital in blood 
and brain was measured as described in the text. Values represent the mean + standard error of 
the mean from a different group of six rats each. 

Barbital concentration 
Treatment Sleeping time on awakening* 

(minutes) 
Brain (Axg/g) Blood (,xg/ml) 

CMC 153 + 23 152 + 3 195 + 5 
Disulfiram 367 + 48t 159 + 6 202 ? 8 
DDC 307 + 42 158 + 11 208 + 10 

*Return of righting reflex. tStatistically different from control (P < .05) by two-tailed Student's t-test. 
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cellulose (CMC) (2 ml/kg). The rats in 
the other groups received an intra- 
peritoneal injection of disulfiram (200 
mg/kg) suspended in a 1 percent solution 
of CMC. One hour later the rats in all 
groups were given an intraperitoneal in- 
jection of barbital sodium (100 mg/kg). 
They were then placed individually in 
metabolic cages (23 by 25 by 18 cm) to 
allow for urine collection. At different 
time intervals (6, 12, and 24 hours) after 
barbital administration, the animals were 
decapitated and blood was collected in 
50-ml beakers containing about 500 units 
of heparin in 0.1 ml of 0.9 percent NaCI 
solution. The blood was then immediate- 
ly analyzed for barbital content. The 
brain, liver, and kidneys were immedi- 
ately removed after decapitation. The 
barbital content of blood, brain, liver, 
kidneys, and urine collected during the 
6-, 12-, and 24-hour periods was mea- 
sured spectrophotometrically as de- 
scribed previously (8). This method in- 
volves extraction of barbital into di- 
ethylether from blood diluted with 
phosphate buffer (pH 6), or from tissue 
samples homogenized in the same buf- 
fer. A portion of the ether layer is then 
aspirated and the barbital it contains is 
extracted with phosphate buffer (pH 11) 
and its optical density in the buffer is 
measured. The concentration of barbital 
is found from a standard curve relating 
optical density to concentration. Per- 
centage recoveries varied between 85 
and 89 percent. This method proved spe- 
cific for barbital since the use of liquid 
scintillation spectrometry to measure 
'4C-labeled barbital in some biological 
fluids yielded similar results. 

As shown in Fig. 1A, disulfiram- 
treated animals had a significantly higher 
(P < .05) concentration of barbital in 
blood and brain at the three time inter- 
vals examined. The concentration of bar- 
bital in kidneys and liver was significant- 
ly higher (P < .05) at the 6-hour interval. 
Figure lB indicates that the amounts of 
barbital excreted in urine during 6- or 12- 
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hour periods by disulfiram-treated rats 
are significantly less (P < .05) than the 
amounts excreted by CMC-treated rats. 

In addition, we found that the same 
dose of disulfiram (200 mg/kg) adminis- 
tered 1 hour before barbital (200 mg/kg) 
significantly increased (P < .05) the 
sleeping time induced by barbital. The 
concentrations of barbital in the brain or 
blood in disulfiram- or CMC-treated 
groups were similar when rats gained 
their righting reflex. With diethyldithio- 
carbamate (DDC), believed to be an ac- 
tive metabolite of disulfiram, similar re- 
sults were observed (Table 1). Thus, it 
seems that the sensitivity of the brain to 
barbital is not affected by disulfiram or 
DDC. 

Our results indicate that the urinary 
elimination of barbital in disulfiram- 
treated animals is impaired. This impair- 
ment could account for the prolongation 
of sleeping time induced by barbital, par- 
ticularly since it is associated with an in- 
creased concentration of barbital in 
blood and brain. We previously reported 
(9) that disulfiram significantly enhances 
morphine-induced analgesia and cata- 

lepsy in the rat. When we examined the 
elimination of morphine and metabolites 
in disulfiram- and CMC-treated rats, we 
found that both urinary and biliary ex- 
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cretion of morphine and metabolites 
were significantly impaired in the disul- 
firam-treated group (9). 

Previous studies of the enhanced phar- 
macological activity of certain drugs by 
disulfiram have usually been limited to 
measuring the concentration and half-life 
of the drugs in the plasma. It has often 
been concluded that the biotransforma- 
tion of the drug in question is impaired 
(4, 10). Indeed, it has been shown that 
disulfiram impairs the activity of several 
enzymes implicated in drug biotransfor- 
mation (11). However, in view of the re- 
sults obtained with barbital and mor- 
phine, the influence of disulfiram on drug 
excretion should be considered when at- 
tempts are made to explore the mecha- 
nisms underlying the enhancement of the 
pharmacological activity of certain drugs 
by disulfiram. In man, retardation of 
drug elimination might have therapeutic 
implications. 
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Iconic Storage: The Role of Rods 

Abstract. The hypothesis that rods mediate iconic storage was tested by present- 
ing letters of one color against a field of another. The colors were chosen to be 
discriminable only by the cones, only by the rods, or both. Under dark adaptation, 
the rods had little if any effect on partial-report advantage; however, they were im- 

portant in determining the phenomenal persistence of the stimulus. Under light ad- 

aptation, the rods played no apparent role in either type of persistence. 
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The information in a briefly displayed 
visual stimulus is not lost as soon as the 
display ceases. Rather, it persists for a 
fraction of a second, almost as if the 
physical stimulus were still present. 

This can be shown by the partial-re- 
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port technique introduced by Sperling 
(1). An array of letters (say, three rows 
of four letters each) is briefly displayed 
and followed by a cue to read the letters 
in one row. If the cue is delayed by more 
than a few hundred milliseconds, per- 
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formance drops to an asymptote, pre- 
sumably reflecting the limited set of let- 
ters that the subject could read and 
store. But if the cue follows the display 
immediately, performance is nearly per- 
fect. The subject can direct his attention 
to the cued row and read the still intact 
information. 

Neisser (2) has termed this brief visual 
storage the icon. Despite much study, 
the processes underlying iconic storage 
remain unknown. We do not even know 
whether it is of cortical or retinal origin. 

A version of the retinal hypothesis has 
been proposed by Sakitt (3), who has ar- 
gued that iconic storage can be attributed 
to lingering signals from the rods. Since 
rod signals decay with a time constant of 
about 300 msec (4), this hypothesis has 
some a priori plausibility, but it still re- 
mains to directly test the importance of 
rods in producing partial-report advan- 

tage. 
If the icon depends on rod signals, it 

should be abolished or greatly reduced if 
the display is of zero contrast for the 
rods but nonzero contrast for the cones. 
One way of doing this is to present let- 
ters of one color against a field of a dif- 
ferent color-orange letters against a 
blue field, for example, with the orange 
and blue having been selected to stimu- 
late the rods equally. Since the rods are 
"color blind," they will "see" this dis- 
play as a uniform field, and so can pro- 
duce no icon. The cones will see the or- 
ange and blue as different. 

To present letters of one color and a 
nonoverlapping field of a different color, 
a Maxwellian view system was con- 
structed. A stimulus slide was made 
from a first-surface mirror, etched so 
that the field region was clear glass, with 
only the letters remaining mirrored (5). 
One beam of light, coming from behind 
the slide, passed through the clear glass 
everywhere except the letters. The other 
beam struck the slide from the front and 
was reflected by the mirrored letters. 
Thus, the letter and field images were au- 
tomatically in registration. 

Letter arrays were three rows by four 
columns, each letter subtending 1? of vi- 
sual angle in height. The entire array was 
5.7? wide and 4.6? high. The field was 
blue (Wratten 44A; dominant wave- 
length, 492 nm); the letters were orange 
(Wratten 21; dominant wavelength, 
594 nm). The retinal illuminance of the 
field was 2.2 log scotopic trolands (6). In 
one condition, the intensity of the orange 
letters was adjusted so that the letters 
were clearly discriminable for both the 
rods and the cones (1.5 log scotopic tro- 
lands); in the other condition, the in- 
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tensity was adjusted so the rods could 
not distinguish the letters from the field 
(2.2 log scotopic trolands) (7). 

The display was presented to a dark- 
adapted subject for 50 msec. After a vari- 
able delay, an auditory tone (3100, 1350, 
or 360 Hz) cued the subject to report the 
top, middle, or bottom row. The four 
delays (0, 200, 400, and 800 msec) and 
the two conditions [match (M), non- 
match (NM)] were presented in blocks of 
eight trials each, in the following order. 
Session 1: 0 (M), 0 (NM), 200 (NM), 200 
(M), 400 (M), 400 (NM), 800 (NM), and 
800 (M); session 2: 800 (M), 800 (NM), 
400 (NM), 400 (M), 200 (M), 200 (NM), 0 
(NM), and 0 (M). 

The partial-report decay curves for the 
rods alone and for both rods and cones 
are similar (Fig. 1A) (8). The rods are not 
essential, although they may have some 
role. 

The role of the rods can also be exam- 
ined by finding stimuli that the rods can 
distinguish while the cones cannot, just 
as experiment 1 used stimuli that the 
cones could distinguish while the rods 
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could not. A color-blind subject, a pro- 
tanope (9), took part in experiment 2. A 
protanope cannot distinguish between 
red and green hues with his cones and 
can thus adjust the intensity of a red until 
it looks identical to a green in the rod- 
free fovea. The red and green that match 
for the cones look different to the rods, 
and the red and green that match for the 
rods look different to the cones. In this 
experiment, the letters were red-orange 
(Wratten 24; dominant wavelength, 612 
nm) and the field was green (550 nm, 
provided by a 10-nm half-width inter- 
ference filter). 

The subject first adjusted the intensity 
of the letters to photopically match the 
field within the rod-free fovea (10). The 
field was 1.9 log scotopic trolands, and 
the letters gave a cone match at 1.2 log 
scotopic trolands. Thus, for the rods, the 
letters were 0.7 log unit dimmer than the 
field. Since only the rods could distin- 
guish the letters, only they could pro- 
duce an icon. 

The subject next increased the in- 
tensity of the red-orange letters until 
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Fig. 1. Visual persistence measured with and without rod participation. (A) Partial-report 
performance (dark-adapted) for cones with rods and for cones alone. Vertical bars at the right 
show the whole-report performance. Data are averaged results from two subjects. (B) Partial- 
report performance (dark-adapted) for a protanope, measured with cones alone or rods alone. 
(C) Phenomenal persistance (dark-adapted) with and without rod contribution. (D) Light- 
adapted partial-report performance for a protanope, measured with cones alone and with rods 
alone. Note points along the abscissa. 
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they scotopically matched the surround- 
ing green field; thus, both letters and 
field were 1.9 log scotopic trolands. In 
this condition only the cones could dis- 
tinguish the letters, the photopic contrast 
being 0.7 log unit. 

Both the rods-only and the cones-only 
conditions show fairly standard partial- 
report effects (Fig. 1B). Under these 
conditions, either a rod stimulus or a 
cone stimulus is sufficient to give a par- 
tial-report advantage, and neither is nec- 
essary by itself. 

These findings at first seem to conflict 
with Sakitt's but in fact they do not. 
First, she found that, under certain cir- 
cumstances, a pure rod afterimage was 
sufficient to produce partial-report ad- 
vantage. However, there is no reason to 
believe that a rod afterimage is necessary 
for this effect. The rods were not neces- 
sary under the conditions explored here. 
Second, she found that rods determined 
the subjectively judged persistence of a 
stimulus flashed to a dark-adapted eye, 
where the persistence was measured by 
sychronizing an auditory tone with the 
apparent offset of the image. This is a dif- 
ferent task from that used in a partial-re- 
port paradigm, and so it might be ex- 
pected to yield different results. 

In fact, it does yield different results 
(Fig. 1C). With the same stimuli and sub- 
jects as before in experiments 1 and 2, 
subjective persistence was measured ac- 
cording to the auditory synchronization 
techniques (11). The subjective persis- 
tence was dependent on the rods; the im- 
age seemed to last between 200 and 400 
msec longer with the rods than it did with 
the cones alone. This corroborates a 
large body of evidence (12) about the im- 
portance of rods in the subjective im- 
pressions that follow a flash of light. 

Experiments 1 through 3 took place 
under conditions of dark adaptation. It is 
worth repeating them with a light-adapt- 
ed subject. After all, iconic storage was a 
concept developed to account for ordi- 
nary perception, such as that while driv- 
ing a car or reading a page of text. 

The light-adapted protanope repeated 
the partial-report experiments. The light 
levels were mesopic (1.9 log scotopic 
trolands), that is, both rods and cones 
were participating. A steady adapting 
field was presented before and after the 
letter array. In condition 1, the cones 
could distinguish the letters, but the rods 
could not; thus, the rods saw a uniform 
field throughout the experiment. In con- 

Table 1. The importance of rods to visual per- 
sistence measured by two different tasks and 
two different lighting conditions. 

Lighting condition 

Task Dark Light 
adap- adap- 
tation tation 

Subjective Strong None 
persistence 

Partial Sufficient, but None 
report not necessary 

dition 2, only the rods could distinguish 
the letters; the cones saw a uniform field 
throughout. 

The cones-only condition shows a 
brief partial-report advantage (Fig. 1D). 
In the rods-only condition, there was 
simply no report at all. Apparently the 
rods made such a small contribution to 
the perception that the subject could see 
no letters. This is not due to rod satura- 
tion, since the rods do not saturate below 
3 log scotopic trolands. 

It is unfortunately difficult to perform 
the equivalent experiment with a normal 
subject, because rather special color 
mixtures are needed to produce "rods 
only" stimuli. An alternative is to use 
the Stiles-Crawford effect: to the cones, 
light entering the pupil through the edge 
appears dimmer than light entering 
through the center; to the rods, the lights 
appear to have the same intensity. By 
sending the light from the letters and that 
from the field through different parts of 
the pupil and adjusting the intensities, 
the letters were made discriminable to 
the cones only or to the rods only (13). 
The results of partial-report experi- 
ments, with and without adapting fields, 
were similar to those obtained from the 
protanope. 

Table 1 summarizes the findings by 
showing the conditions in which rods 
were important to visual persistence. 
The only combination of conditions that 
showed a strong rod role was subjective 
persistence under dark adaptation. Al- 
though the major findings that have 
pointed to a rod role have been drawn 
from this quadrant (3), most cognitive 
psychologists are interested in just the 
opposite conditions: partial-report ef- 
fects during light adaptation. These con- 
ditions showed no rod involvement. 

The term "iconic storage" is some- 
times used rather loosely to include a 

variety of persistence effects, as if there 

were only a single process underlying 
them all. This practice is clearly mis- 
taken; the phenomenal persistence of a 
stimulus, however, does not necessarily 
depend on the same processes as the 
visual storage measured by partial-report 
advantage. 

Since ordinary partial-report effects do 
not appear attributable to the rods, it 
would be tempting to conclude that the 
icon is in the cones. Such a conclusion is 
not justified by the results. While the 
icon might result from persisting cone 
signals, it might also arise from later 
processes taking their inputs from the 
cones. 
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