
5.80 /x in addition to the band at 5.92 

fi. Compound B moved more slowly 
on silica-gel thin-layer chromatography 
than did compound A when a mixture 
of hexane and chloroform (2:1) was 
used for development. In several other 
solvent systems on silica-gel thin-layer 
chromatography or on paper chroma? 

tography, compounds A and B were 

inseparable (8). 
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Motor Responses of Moths to 

Low-Intensity X-ray Exposure 

Abstract. A brief burst of x-rays elic? 
ited flight activity in moths placed in a 
darkened x-ray exposure room. Wing- 
beat activity was recorded as an index 

of this behavior. Wing-beat activity 
could be initiated in resting moths or 

amplitude augmented in active moths 

by x-ray dose rates of 0.01 to 1.5 roent- 

gens per second, with a latency of less 
than 1 second after onset of exposure. 

Prompt behavioral repsonses to io- 

nizing radiation have been reported for 

a number of species. In the rat an 
arousal reaction from sleep was found 

to occur within seconds after the start 
of low-intensity exposure (1). Also, an 
immediate disturbance in lever-pressing 
behavior upon the onset of exposure 
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has been reported when radiation was 
used as a conditioned stimulus (2). Hug 
(3) has identified some reflex-like re? 
actions in marine invertebrates and 
insects which have involved tentacle 

retraction, shell closure, or migration 
from the exposure area with relatively 
low-intensity radiation exposure. Born 

(4) observed a closure response of the 
snail mantle cavity similar to the snail 
tentacle response described by Hug. 
With high-intensity beams, prompt be? 
havioral disturbances have been re? 

ported in several organisms including 
daphnids (5), turtles (5), mosquitoes 
(7), and fish (8). 

Recent experiments in this laboratory 
have indicated that the moth is remark- 

ably sensitive to low-intensity radiation 

exposure. In the initial observations it 
was found that a brief burst of x-rays 
would elicit flight behavior in moths 

placed in a darkened x-ray exposure 
room. This behavioral response is readi- 

ly accessible aixd can be measured by 
observations of wing-beat frequency. 
We now describe this reaction and its 

sensitivity to radiation. 
Moths from eight species of Noctui? 

dae and one species of Arctiidae were 
used in the study. The moths were col? 
lected in the San Francisco area and 
tested within 24 hours after capture. 
X-rays were generated by a General 
Electric Maxitron x-ray machine, op? 
erated at 250 kv (peak), 25 ma, with a 
beam half-value layer of 2.3 mm Cu. 
The exposure interval was controlled by 
a lead shutter operated manually from 
outside the x-ray room. 

To record the wing beat, the moth 
was attached to a wire which was 
cemented to a ceramic crystal trans- 
ducer (Electrovoice model 53-3). The 

signal from the transducer was ampli- 
fied so that vigorous flight movement 
resulted in a ?10-mm deflection on an 

oscillographic recording. To attach the 
moth to the motion transducer, we 
anesthetized the moth briefly with CO2 
and brushed the scales from the dorsal 
exoskeleton of its thorax. The moth was 
then joined to the wire of the trans? 
ducer with heated Tackiwax (Cenco). 
The mounted preparation is displayed 
in Fig. 1. 

In the test procedure, the animal 

preparation was mounted on a stand 
in the exposure room. The x-ray tube 
was turned on and the beam attenu- 
ated to a background radiation level 

by closing the shutter. The moth was al? 
lowed to dark adapt for 4 minutes 

prior to the exposure tests. Each animal 
was tested at least three times with 

Fig. 1. Moth preparation for the study of 
activation of wing beat by low-intensity 
x-rays. The attachment of the subject to 
the crystal transducer can be seen. 

dose rates of 0.33, 0.13, 0.10, and 0.07 
r/sec. The stimulus intensity at the 
site of action is presumed to be re? 

lated to the dose rate. For a closer 
determination of the minimum effective 

exposure intensity, additional dose rates 

were usually required. Differential dose 
rates were achieved by varying the dis? 
tance from the subject to the source. 
The thimble chamber of a Philips 
dosimeter was placed adjacent to the 
moth to record the dose rate during 
exposure. The duration of the ex? 

posure varied from 1 to 15 seconds 

and the time between exposures varied 
from several seconds to 3 minutes. 

To demonstrate that the moth was 

reacting to the x-ray beam and not 

to shutter manipulation or some other 

stimulus, several types of controls were 
used. (i) Each animal was given sev? 

eral "sham" exposures in which all 

conditions were the same except that 
the power to the x-ray tube was turned 
off. (ii) A tympanic nerve preparation, 
made according to the method of Roe- 

der (9), was used to test for the 

presence of auditory stimulation from 

Table 1. X-ray dose rates effective in eliciting 
prompt motor activity for each specimen test? 
ed. All species are classified in the family 
Noctuidae except the last specimen (family 
Arctiidae). 
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Fig. 2. Initiation and augmentation of wing beat in a moth (Agrotis ypsilon) on exposure 
to x-rays at 0.17 r/sec. For the sham exposure test the shutter was opened but power 
to the x-ray tube was turned off. 

high-frequency sounds produced dur? 

ing the shutter operation and exposure. 
Any sounds which were within the 
moth's frequency and intensity range 
could be observed on an oscilloscope 
as spike potentials in the nerve prep? 
aration. (iii) This control was pro? 
vided to detect possible effects of the 

x-ray beam on the motion transducer 
or the lead wires, which might in turn 
evoke flight activity in the moth. For 
this purpose, additional preparations 
were made with animals attached to 
wires which were fastened directly to 
the ring stand. Under dim red illumina? 
tion and through a window from the 
control room, visual observations were 
made of the initiation of flight at the 
onset of the exposure to the x-ray beam. 

Figure 2 shows the response of one 
moth (Agrotis ypsilon) to two ex? 

posures at a dose rate of 0.17 r/sec. 
Each exposure was 2 seconds in dura? 
tion. The first stimulus was presented 
when the animal was inactive and the 
second exposure was given during 
evoked flight. In each moth tested, the 

exposure to the x-ray beam initiated 

wing beat or caused a change in the 

amplitude of the beat during flight. The 
dose rate required to initiate this action 
varied from subject to subject. Table 
1 gives the minimum rate to which 
each of the subjects responded. The 

response occurred early within the first 
second of exposure. If the moth was 

inactive, sometimes a suprathreshold 
intensity of x-rays for that prepara? 
tion did not elicit the flight pattern. The 

response to subsequent radiation ex? 

posures could be restored if the moth 
were first exposed to a brief flash of 

light to establish a state of heightened 
excitability. 

The control tests indicate that the 

response of the moth is to the x-ray 
beam. When subjected to the "sham" 
trials the animals gave no evidence of 
initiation of the flight pattern. The 
record of spike potentials from the 

tympanic nerve preparation gave no 
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indication of the presence of auditory 
stimuli during shutter operation and 

exposure. Animals not attached to the 
transducer were observed to exhibit 

vigorous flight movement at the onset 
of exposure, which indicates that the 

response could not be attributed to 
radiation-induced changes in the elec? 
trical detection system. 

The complex motor reaction demon? 
strated in these moths occurs at a 
radiation intensity below that reported 
for any other organism (1-8). Several 

specimens exhibited responses to ra? 
diation intensities in the range of 0.01 
to 0.12 r/sec. The latency of reaction 
was less than 1 second on most records. 
The differences in effective dose rates 

among specimens may reflect differ? 
ences in radiosensitivity among species, 
the variations in physiological state 

among specimens, and the level of ex? 
citation upon which radiation is im- 

posed. 
It is difficult to ascribe the response 

to radiation action on muscle fibers in 
view of the low exposure dose and the 
short latency. It is significant that the 

motor response could be obtained only 
when the specimen had been in the 
darkened room for several minutes. 

Electroretinograms are being made of 
a large series of moths by using both 
beta radiation plaques and x-rays as 
the source of stimulation. The prelimi? 
nary data indicate that the threshold 

intensity for visual activation may be 

comparable to that required for initia- 
tion of wing beat in the moth. It is 

suggested that the induction of flight 
activity may be the behavorial conse- 

quence of visual stimulation through 
low-intensity radiation (10). 
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Strychnine: Its Action on Spinal Motoneurons of Cats 

Abstract. In cats strychnine does not alter measurably the potential, threshold, 

after potentials, or refractoriness of the membrane of the spinal motoneurons. 

Increased reflexes probably result from increase of excitatory impingement upon 
motoneurons. Spikes recorded during a rapid succession of nerve impulses pro? 
duced by strychnine ("strychnine burst") suggest that soma membrane resistance 

is appreciable during stimulation. 

Many attempts have been made to 

explain the mechanism by which strych- 
nine influences spinal cord activity. A 

decrease in the size of inhibitory post- 

synaptic potentials has been shown 

(1), but strong descending inhibitory 
influences from vestibular stimulation 

occur in the cord treated with strych- 
nine (2). Wall et al. (3) have shown 

that the drug decreases the excitability 
and presumably increases the level of 

polarization of dorsal root terminals, 
but does not change motoneuron ex- 

citability to extracellular stimulation. 
It prolongs the repolarizing phase of 

the antidromic spike in crayfish stretch 

receptors with concomitant repetitive 
axonal firing which presumably results 

from the maintained depolarization of 

the soma. Inhibitory influences can 

still be detected in this structure after 

strychnine poisoning (4). 
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