had been eluted from the pellets. This
rapid exposure of the bladder to sac-
charin is comparable to that observed
for sodium cyclamate (5) and the 8-
methyl ether of xanthurenic acid (13),
compounds demonstrated to possess
significant carcinogenic activity for the
mouse bladder when suspended in
cholesterol and tested by the pellet im-
plantation technique (5, 8).

The survival of mice for more than
175 days after surgery, the average
length of survival, and the incidences
of squamous metaplasia and carcinoma
in the bladders were compared in the
duplicate test and control groups of
mice (Table 1). The first bladder car-
cinoma was observed in a mouse
treated with saccharin that died 293
days after surgery. Statistical compari-
sons in both experiments demonstrated
that mice exposed to sodium saccharin
exhibited significantly higher incidences
of bladder carcinomas (47 and 52 per-
cent) than did the controls (13 and 12
percent). The carcinomas in mice ex-
posed to saccharin were often visualized
on gross examination, were frequently
multiple within the same bladder, were
more often invasive into muscle
(P=.009), and were often composed
of cells demonstrating high degrees of
mitotic activity and pleomorphism (Fig.
2). Squamous and glandular metaplastic
epithelial alterations were more fre-
quent in mice exposed to saccharin. No
benign papilloma was seen in the blad-
ders of saccharin-treated or control
mice. No other tissues of mice exposed
to sodium saccharin demonstrated a
tumor incidence significantly different
from that of the control groups of mice.

The degree of histologic malignancy
(Fig. 2) observed in the bladder tumors
produced by saccharin was more severe
than that seen in mouse bladder car-
cinomas produced by sodium cycla-
mate (5). Moreover, the bladder car-
cinomas produced by saccharin were as
malignant in appearance as those in-
duced in mice, rats, and dogs (see I4)
by feeding the potent urinary bladder
carcinogen N-[4-(5-nitro-2-furyl)-2-thia-
zolylJformamide, and as severe as
those obtained by testing N-[4-(5-nitro-
2-furyl) -2-thiazolyllformamide (I5) or
other carcinogens (8, 13) by the mouse
bladder pellet implantation technique.

. GEORGE T. BRYAN
ERDOGAN ERTURK, OSAMU YOSHIDA
Division of Clinical Oncology,
University of Wisconsin Medical School,
Madison 53706
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Testing the Vision of Cataract Patients by Means of

Laser-Generated Interference Fringes

Abstract. In a new technique for measuring the visual acuity of cataract patients
the light from a laser is used to form interference patterns of variable fineness on
the patient's retina. The fineness of the interference pattern that the patient can
detect gives an indication of the potential for improved vision. Comparison of this
estimate of the potential with the patient’s vision after cataract extraction shows
that this test can indicate the condition of the fovea behind a cataract.

A cataract, which is a loss of lens
transparency, most often occurs in per-
sons: past middle age and appears to be
part of the general aging process. In
addition, cataracts can occur secondary
to ocular or systemic disease and from
traumatic or perforating injury to the
globe. A developing cataract causes a
gradual and painless loss of vision.
When the cataract has progressed to
the point where the reduction in vision
remaining after the correction of re-
fractive error interferes with normal
activities, the only treatment is surgical
removal of the lens. Good vision may
be surgically restored if changes in the
fovea have not occurred prior to sur-
gery. The lens opacities often make it
difficult to detect macular changes by
ophthalmoscopic examination. The usual
methods of preoperative testing such
as discrimination -between two point
images and color perception may be
poor indicators of the functional integrity
of the fovea centralis.

Campbell and Green (I) have pro-
duced high-luminance interference
fringes on the retina with a low-power
gas laser, These fringes are not degraded

by ordinary optical aberrations. If one
views the fringes with a piece of tissue
paper or milk glass held over the eye,
one sees the fringe pattern disturbed
(see cover). However, it is still possible
to resolve fine stripes corresponding
to the equivalent of 20/20 visual acuity
because microscopic holes in these ma-
terials allow portions of the focused
beams to pass unscattered. If an inter-
ferometric technique could produce fine,
high-contrast fringes on the retina be-
hind a cataractous lens, it would make
it possible to determine the condition
of the fovea. This report presents the
results of a series of experiments on
patients with cataracts to determine
the feasibility of preoperatively testing
the visual potential by means of laser-
generated interference fringes.

The method used to produce inter-
ference fringes on the retina will be
briefly described here; the full details
are available elsewhere (Z, 2). The out-
put from a low-power, helium-neon gas
laser was optically divided into two
parts. A lens projected an image of the
doubled laser source into the eye of the
patient. This can be done with safety
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because the total power of the light en-
tering the eye is less than 0.1 mw. In
addition, the light is dispersed over a
large area so that the amount of light
falling on the retina is no greater than
that of ordinary daylight illumination.
The spacing between the two point
images determines the fineness of the
pattern formed on the retina. To in-
crease the likelihood of finding a rela-
tively clear optical path for the coherent
light through the cataract, a mydriatic
was used to dilate the pupil of the pa-
tient’s eye.

The patient’s head was restrained by
a headrest, and a system of mechanical
slides allowed the double images to be
moved in the dilated pupil to those
regions of the cataract that were rela-
tively transparent. If the referring physi-
cian’s clinical description of the cataract
did pot indicate the location of a less
dense region of the cataract, the pa-
tient’s reports of subjective brightness
were used to assess relative density.

Patients often first reported seeing
moving random patterns of bright and
dark irregular shapes. They reported
that this “jumble” appeared to be in
front of the striped pattern of interfer-
ence fringes. In order to see the fringes
the patient had to learn to ignore the
changing and disordered patterns. If
the cataract was unilateral or if sufficient
vision still remained, the patient was
shown photographs of fringes taken with
tissue paper or milk glass placed in
front of a camera. This seemed to aid
the patient in learning to detect the in-
terference fringes.

The test was started with coarse fringe
patterns. The gratings were presented
at random in horizontal or vertical
orientation. When the patient reported
seeing the stripes, he was asked to report
their orientation. If the orientation of
the fringes could be correctly identified,
it was assumed that the patient was
able to see the pattern. Even if the
coarse stripes were not seen, the spacing
between the double images was gradually
increased, thus making the patterns
progressively finer. Sometimes a patient
who was unable to see the coarse
fringes would report seeing the finer
striped patterns. Several times either the
jumble was confused with a striped
pattern or the visual task was not cor-
rectly understood and patients would
report seeing stripes but were unable
to correctly identify their orientation.

Figure 1 summarizes the results of
tests on 61 cataractous eyes in 50 individ-
uals. Grating and letter acuities have
been related by assuming that when the
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Fig. 1. (a) Comparison of preoperative letter and preoperative interference fringe
acuity (circles) of patients whose eyes have cataractous lenses. A filled circle is used
if a letter acuity determined after surgical removal of the lens is plotted in Fig. 1b.
(b) Relationship between postoperative letter acuity and preoperative interference
fringe acuity (crosses). CF, “counts fingers” vision.

angular subtense of the strokes in the
letter equals the width of a single bar
in the array of parallel alternating dark
and light fringes, both targets can be
equally well resolved (3). Visual acuity
is expressed as the reciprocal of the
smallest resolvable angle in minutes of
arc and is equal to the fractional acuity,
as commonly measured clinically, in
decimal equivalent.

The circles shown in Fig. 1la
relate preoperative letter acuity to pre-
operative interference fringe acuity. If

there were perfect correlation between -

the two measures of acuity, all of the
circles should fall on the line of unit
slope shown in Fig. la. The extent to
which the circles fall to the right of the
line indicates increased acuity in the
laser fringe test. In particular, if an
acuity of 0.67 (20/30) or better is
arbitrarily defined as “good” vision and
an acuity of 0.25 (20/80) or worse is
designated as “poor” vision, then 30
individuals (36 eyes, 60 percent of the
total number of eyes examined) in the
preoperative group indicated a potential
for good vision. For those individuals
with a potential for good vision the
preoperative letter acuities ranged from
0.5 (20/40) to the ability to perceive
light. Over half of these had a letter
acuity of 0.1 (20/200) or worse. On
the other hand, 12 individuals (13 eyes,
21 percent of the total) were unable
to see the fringes. These individuals
have been divided into two categories,
those whose eyes are capable of light
perception (LP) and those whose eyes
are capable of pattern perception (PP),
depending on whether the patients re-
ported seeing the disordered pattern
or not.

There can be little question but that
individuals who achieve a fringe acuity
of 1.0 (20/20) have a potential for

" good vision. What remains to be deter-

mined, however, is whether the grada-
tions in preoperatively measured fringe
acuity correlate with the potential for
improved vision. Postoperative letter
acuities (4) are plotted (crosses, Fig. 1b)
against preoperative fringe acuities, for
the 18 individuals (21 eyes) who have
had one or both lenses surgically re-
moved. The extent to which the crosses
cluster around the line of unit slope
indicates the correlation between the
predicted and actually achieved acuities.
Nine individuals (11 eyes) in the oper-
ated group indicated a potential for
good vision and eight individuals (nine
eyes) either indicated poor potential or
could not see the fringes. Postopera-
tively, all nine individuals (11 eyes)
who could see the fine fringes now have
good vision. Out of the eight individuals
(nine eyes) for whom the test either
indicated poor potential or was incon-
clusive, two individuals (two eyes)
have better than poor vision. Moreover,
five individuals (five of the eyes in this
group) have acuities of 0.1 (20/200)
or less and these individuals are there-
fore legally blind.

Although it is not clear how the laser
light penetrates through a cataract, there
are at least two possible explanations.
First, since the patterns are not imaged
onto the retina but rather are formed
by the interference of light from two
pinpoint sources focused into the lens,
it seems that sufficient amounts of light
could enter the eye unscattered through
microscopic holes even when the whole
lens appeared opaque. Second, the in-

1241



terference technique permits one to by-
pass the effects of optical aberrations
and thereby to effectively take advan-
tage of any clear areas remaining in the
lens. In addition, the red light from the
helium-neon laser is probably scattered
less than light of shorter wavelengths is.
The above factors permit the principal
causes of poor vision, the scattering of
light from the cataractous parts of the
lens and the poor image-forming prop-
erties of the peripheral parts of the
eye’s optics (5), partially to be circum-
vented.

In any event, in order to produce

regular patterns on the retina behind an
opaque lens, at least some portion of
the coherent light must pass through
the lens unscattered. It seems that the
denser the cataract, the more difficult
it becomes for patients to detect the
regular fringes in the disordered pattern
produced by the cataract. Particularly
if the patient has a dense cataract, failure
to see the fringes may not necessarily
indicate a lack of potential for good
vision.

The results reported here indicate that
preoperatively determined interference
fringe acuity can be used to assess the
potential for visual improvement in a
significant number of cataract patients.
Furthermore, it seems likely that this

test can be used to differentiate between
retinal and optical causes of visual loss
in a host of other disorders involving
the dioptrical apparatus of the eye.

. DaANIEL G. GREEN
Department of Ophthalmology,
University of Michigan,
Ann Arbor 48104
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Circadian Rhythm of Brain Self-Stimulation Behavior

Abstract. Under constant conditions of light, sound, temperature, and humidity,
rats exhibited circadian rhythmicity in rate of bar-pressing with hypothalamic and
septal reinforcing brain stimulation. Variations in reinforcer magnitude affected
absolute levels of operant response emission but not the frequency of the circadian
rhythm. In long sessions, the time of peak responding deviated systematically from
a strict 24-hour period. Such data show marked similarity to free-running rhythms

of motor activity.

Oscillation is a temporal property
that unites and interrelates biological
systems. Studies of behavioral oscilla-
tion have concentrated on stabilimetric
activity or locomotor response chains.
Both of these measures reflect complex
and unspecified behavioral repertories,
and various subsets of such behavior
samples may dominate an activity count
at different times. Overall rates of be-
havior output do not change as much
as the relative dominance of particular
topographical units (). Isolation and
measurement of a narrowly defined,
highly probable response unit would
likely lead to a more refined analy-
sis of cyclic behavior patterns and
their associated physiological oscillation
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mechanisms. A popular way to insure
the high probability of a response is
to reinforce it, rather than to rely on
its “spontaneous” emission. For our ex-
periments, we selected the relatively
stereotyped operant bar-press as the
unit for measurement. To maintain re-
sponding for long periods, we used brain
stimulation as the reinforcer, elimi-
nating (or minimizing) the rapid satia-
tion effects found with traditional nu-
tritive reinforcers. We report a circadian

" periodicity in operant response rate

during long-term self-stimulation ses-

~ sions, with the use of a variety of stimu-

lation parameters, electrode loci, and
reinforcement schedules. The cyclic re-
sponse patterns show many of the same

characteristics as locomotor activity as
well as hormonal, neural, and cellular
rhythms, and may reflect common bio-
logical oscillation mechanisms (2).

Male albino laboratory rats (Charles
River, CD strain) were implanted with
septal or hypothalamic bipolar elec-
trodes (Plastic Products, MS 303), or
both, and were allowed to self-stimu-
late in continuous sessions for as long
as 1 month. Placements were verified
by subsequent histological analysis. Bar-
pressing was reinforced by 0.5-second
trains of constant-current bidirectional
rectangular pulses, 0.2 msec in dura-
tion, equally spaced in time. A single
peak-current level and electrode locus
were chosen for a given session. The
experimental compartment was enclosed
in a controlled environment chamber
(Sherer-Gillett, CEL 44) with dry food
and water continuously available. An
incandescent lamp illuminated - the
chamber, maintaining a constant lumi-
nance of 10 ft lam (10.7 mlam) on the
wall at the level of the bar. External
noise was attenuated by the multilayered
enclosure, and temperature was set at
70°F (21°C) with 50 percent relative
humidity (3).

When an animal starts a self-stimula-
tion session, it usually responds at a
high rate without resting. Subsequent
deceleration in response rate occurs,
but its onset depends on stimulation in-
tensity. At high intensities the initial
response spurt may last as long as 2
days without rest periods of more than
a few minutes. Only later does the ani-
mal periodically slow its responding and
take long enough rests to exhibit a
circadian rhythm. Initial response decel-
eration, occurring after about 8 hours
of self-stimulation (sometimes thought
to parallel a food “satiation” effect) has
previously been reported only for septal
placements (4). We observed the effect
for both hypothalamic and septal loci
with low and medium stimulation in-
tensities; at high intensities the initial
response deceleration was greatly de-
layed.

Figure 1 includes continuous week-
long samples of response output from
several animals under a selection of
locus, intensity, and schedule condi-
tions. Responses were tallied in 6-hour
blocks, and smooth curves were fitted
by eye. The records show wide differ-
ences in peak rates under the various
reinforcement conditions (ranging from
approximately 500 to 3700 responses
in a 6-hour block), as well as in day-to-
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