Low-Level Irradiation and
Threshold Shift in the
Visual Receptor

Abstract. Customary methods of stimu-
lating and recording were used to examine
threshold shifts of the single visual recep-
tor in the lateral eye of Limulus in re-
sponse to low-level x-irradiation. Marked
visual sensitization was found and was
most pronounced at the lowest dosage
levels (1 to 25 r). Complete light adapta-
tion apparently cancelled the effects of
the irradiation.

Since World War II, a large number
of investigations of the effects or ionizing
irradiations on various kinds of behavior
have been carried out. The behavior as-
sociated with the visual mechanism, how-
ever, has not been investigated to any
great extent and generally has been stud-
ied with respect to relatively high doses
of irradiation.

Cibis et al. (1) concluded that irradi-
ations of 1700 r will destroy the rod cells
of some mammals and that doses upward
of 10,000 r will cause the destruction of
the cone cells. Kektcheew (2) reported
that doses of lower intensity produce a
drop of visual sensitivity which main-
tains itself for several days. Lenior (3)
used the Birch-Hirschfeld adaptometer
to investigate the course of dark adapta-
tion before and after x-ray treatment.
He noted a decrease in facility of adap-
tation after the administration of the
x-rays. Furchtgott (4) found that a total
body dose of 369 r of x-irradiation
caused a decrement in a brightness dis-
crimination by rats.

The purpose of the present program
of research (5) is to study further the
effects of x-irradiation on the visual
mechanism by using the Limulus poly-
phemus (L) or “horseshoe crab,” an
animal whose visual functions have been
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thoroughly studied (6). The experiment
reported here was designed to examine
the cumulative effects of low doses of
x-irradiation on the dark-adapted thresh-
old of the eye of Limulus.

Nineteen single optic nerve fiber prep-
arations were made from the lateral eye
of Limulus. Sixteen of these were used
for the collection of experimental data,
and three were used for control. The
methodology utilized in securing the
single unit, or single functional unit,
was similar to that of Hartline (6), with
the following exceptions: The constant-
temperature solution used to bathe the
excised eye was fresh sea water held at
15°£0.1°C, to which 4 percent reagent
quality ethyl alcohol had been added.
This addition was made as a precaution
against possible lateral inhibition (7).

Once a single unit had been secured,
a plastic top, whose interior contained
a flat sponge saturated with sea water,
was placed over the preparation to main-
tain a high moisture level. At this point
a stimulus spot 1 mm in diameter was
used to locate the corresponding omma-
tidium, and the preparation was allowed
to dark-adapt for 30 minutes.

At the end of the dark-adaptation pe-
riod, the threshold of response to a 1-sec-
ond presentation of the stimulus spot
from a ribbon-filament, 6-volt incandes-
cent bulb was determined by the ascend-
ing series of the method of limits (8).
The intensity of the stimulus spot was
controlled by a circular, neutral-density
optical wedge previously calibrated in
tenths of a log unit. Threshold checks
were accomplished at 10-minute inter-
vals, and the response to each presenta-
tion of the stimulus was recorded photo-
graphically. The results of the analysis
of the control data are shown in Fig. 1
(top) and are similar to those found by
Hartline (9).

The thresholds of the 16 experimental
preparations were recorded in like man-
ner. Immediately following dark-adapta-
tion, three consecutive threshold deter-
minations were made; these are shown
to the left of time zero in Fig. 1 (top).
On completion of these determinations,
five irradiations (10) of 5 r each were
delivered. The threshold was redeter-
mined after each irradiation. Further
irradiation was delivered in increments
of 25 r, each increment being followed
by a measurement of the threshold. The

mean results of these determinations are
shown in Fig. 1 (top), in which the
time scales for the experimental prepa-
rations and for the controls are com-
parable.

Five of the 16 experimental prepa-
rations were adapted to light at room
intensity for 15 minutes at the end of
the 200-r dose and then dark-adapted
once more. The recorded threshold to
this adaptation level is shown in Fig. 1
(bottom).

Apparent sensitization of some por-
tion of the visual mechanism occurs as
the dosage of irradiation accumulates.
The course of sensitization is negatively
accelerated. Probably of greatest interest
is the pronounced shift of threshold at
low dose levels. The locus of this effect
may be in any or all of three systems:
the photochemical system of the retinula
cells, the eccentric cell, or, possibly, the
axon itself.

It seems unlikely that there is an ef-
fect in the chemical systems which medi-
ate the propagated potential. There is
evidence to support the view that nerv-
ous tissue is insensitive to less than lethal
dosages (I1). It seemed possible to lo-
calize the effect to the photochemical
system of the retinular cells by the light-
adaptation—dark-adaptation procedure.
Preliminary experiments had established
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Fig. 1 (Top) Visual dark-adapted thresh-
old measures for single-unit preparations
from the lateral eye of Limulus. The
thresholds of the experimental prepara-
tions were measured during cumulative
x-irradiation ; thresholds for nonirradiated
controls were determined at comparable
time intervals. (Bottom) Thresholds for
dark-adapted preparations similar to those
represented in Fig. 1 (top), as a function
of cumulative irradiation. After x-irradia-
tion of 200 r, the preparation was light-
adapted and then dark-adapted, and the
threshold was again determined.
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that the shift in threshold of response
to irradiation was of a stable nature
under dark-adapted conditions and re-
mained constant after the final irradia-
tion at 200 r. The threshold was deter-
mined at irregular intervals on some
preparations for as many as 6 hours
with no apparent return to normalcy.
Light-adaptation apparently serves to
cancel the effects of irradiation on the
system when the receptor is once more
dark-adapted and the threshold is again
measured (Fig. 1, bottom). The dispar-
ity between this sensitivity level and the
terminal sensitivity of the controls is no
more than might be attributed to patho-
logical decay of the system. A similar
control point may be extrapolated from
the data by extension of the curve for an
cquivalent length of time. On this basis
we may tentatively place the locus of
effect in the photochemical system.
WiLLiane W. Dawson*
James C. Sxrn
Department of Psychology,
Florida State University, Tallahassee
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Paper Coal in Indiana

Abstract. The foliated, papery texture
of the upper third of an 18-inch coal seam
in a strip mine near Rockville, Indiana, is
attributable to matted plant cuticle. The
cuticles of pinnules, pinnae, and rachides
resemble Sphenopteris bradfordii Arnold
and thus differ from the lycopsid stem
cuticles of the Russian paper coal.

In 1860 Auerbach and Trautschold
(1) reported the occurrence of an un-
usual type of coal in the Moscow Basin
of central Russia. This unique Papier-
kohle, as they called it, has been the sub-
ject of several reports and numerous dis-
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cussions by geologists and botanists since
then. The plant cuticles which make up
the Russian paper coal are the remains
of twigs of arborescent lycopods, al-
though their specific botanical affinity
has been the subject of considerable con-
troversy. Auerbach and Trautschold (1)
named the cuticles Lepidodendron ten-

crrimum. Walton (2) assigned them to
the genus Bothrodendron, Bode (3) to
Porodendron, a genus belonging to the
eligulate Lycopodiales. Bode distin-
guished two species, Porodendron lepi-
dodendroides and P. pinakodendroides.
Figure 1, 4 and B, shows cuticles that
occur in the Russian Papierkohle.

Fig. 1. A4, B, Cuticle from the Russian paper coal (7) (about x2). C, Block of Indiana
paper coal (about x ¥4 ). D, Drawings of Torispora specimens (about x 250). E, F, Parts
of pinnae from Indiana paper coal (about x 2).
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