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A U B U R N  U N I V E R S I T Y  

S C H O O L  O F  E D U C A T I O N  

September 23, 1964 

Colonel Joseph E. Goldstein 
Chief, Nuclear Science Division 
U. S. A n y  Medical Research 

and Development Command 
Office of The Surgeon General 
Washington, D. C. 20315 

d' 
RE: DA-49-193-MD-249g 

Dear Colonel Goldstein: 

Thank you for your letter of August 10, 1964 and the appended information on the 
modification of the contract. Sometime during my tenure as Joseph P. Kennedy Professor 
at Peabody College I expect to visit Washington. I would l ike to take same time during 
the visit to discuss with you and your staff the contract research direction for the year 
1965-66. There are many important facets of the program but of particular interest are 
those surrounding the presently acceptable level of human radiation exposure. I w w l d  
especially value your opinion on this topic. As we push the visual threshold further 
down into the rniiliroehtgen range, I find myself questioning the ability of men in 
military and civil ian agencies to perform visual tasks under dark adapted conditions 
where low level ionizing radiations are present. 
address to the 9th Army Human Factors Conference (1963). 

I first identified this problem in my 

The consideration of radiation pathology as a basis for establishing acceptable 
levels has been carefully evaluated. The abil ity of the organism to perfarm i n  the 
ionizing radiation environment is something which has received very l i t t le attention. 
Joseph Sharp of Walter Reed Institute has recently pointed to some rather interesting 
findings and suggested that the radiation dose far adequate performance should be re- 
vised downward from that which i s  acceptable on the basis of radiation pathology alone. 
Continued research into the sensory aspects of ionizing radiation may further reduce the 
functional tolerance for radiation exposure. 

Appended to this letter i s  a data function which supports the need for research into 
the establishment of a "visual performance" maximum dose. On completion of a facil i ty 
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for the production of  square wave x-ray stimuli there i s  l i t t le doubt that the visual 
threshold for x-rays wi l l  be measured at absorbed doses substantially less than 10 -4 r. 
Calculation of the doses presented in the graph do not include time for inductive 
charge of the generator transformer and are thus conservatively high. 

As our informal quarterly report, I am enclosing o manuscript copy of a paper 
which wi l l  be presented before the Psychonomic Society which wi l l  meet on October 
8 through 10 at Niagara Falls, Ontario, Canada. The content of the paper describes 
i n  some detail the progress which we have made during the past quarter. I hope i t  
serves the purpose for your office as well. 

Sincerely, 

-- 

W i l l i a m  W. Dawson, Ph.D. 
Asst. Research Professor 
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Excitation of the Limulus visual system by ionizing 

radiations. Absorbed dose i s  15 % of incident dose 

Iv 
at KVP 50; HVL 0.25 mm AI. All x-ray 

exposures endured for two seconds. Responses of 

the optic nerve, which began after the onset of the 

x-irradiation ond ceased with its offset, were con- 

sidered radiation initiated. 
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NON-PHOTOCHEMICAL MODIFICAT10N 

OF RECEPTOR PROCESSES BY X-RAYS 

IN THE SIMPLE RETINA 

William W. Damon 
Auburn University 

Psychonomic Society - 1964 

Section on Sensory Processes 



The immediate response of animals to low doses of ionizing irradiation i s  well 

documented in the scientific literature. It has also been demonstrated repeatedly 

that very low radiation doses can be utilized as noxious stimuli in the formal.avoid- 

ante conditioning framework. The most obvious and imidleadingly simple sensory in- 

put for this class of stimulant i s  through the visual pathway, although i t  i s  now recag- 

nized that there are least four possible transducers. Separately, Hug at Munich and 

Tobias at Berkeley have proposed a “depolarization equalization” theory to account 

for the behavioral avoidance of ionizing rays. In this framework the radiation serves 

much as an electrical current, eliciting a neural propagated potential at supra- 

threshold intensity. 

For the visual system, data on x-ray stimulation has been known since the develop- 

ment of early x-ray generators, almost a century ago. A sensory result of such exposure, 

which takes the form of flashes o f  light in  humans, i s  known as the x-ray phosphene. 

Many other visual phosphenes can be demonstrated as a result of (1) ocular pressure, 

(2) electrical current flaw across the orbit, (3) or even during rapid accelerotion of 

+he head in  persons whose vitreous body has developed an unusually high degree of 

solidification. None of these phosphenes ore related to retinal receptor activation 

but are the results of modification of activity in the nerve net. With no direct evi- 

dence of receptor stimulation, Lipetz (1955) has described the x-roy phosphene as a 

receptor initiated phenomena. Perhaps the electromagnetic nature of the stimulus 

prompted this conclusion. 

At the lost meeting of this Society, I described some photochemical and electro- 

phyriological evidence which suggested that (a) the receptor pigments rhodopsin 

does not exhibit measurable bleaching following x-ray exposures six log units above 
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the x-ray phosphene threshold, (b) and that in  the simple visual system of the horseshoe 

crab, Limulus, the response of the single receptor to visible stimulation was unaffected 

by conditioning exposures to ionizing rays. It was reported at the same time that we 

had been unable to elicite x-ray responses in a l l  single receptor units, although normal 

light sensitivity could be demonstrated in these. 

Further experimentation has disclosed thclt many normally functioning receptors are 

relatively refractory to x-ray,. Given a population of receptors which respond to visual 

stimulation, a large portion exhibit no phosphene response to x-ray stimulation many 

times threshold. We have measured threshold in some single units less than 10 -4 
r. 

__-__--__--__--_ 
Slide 1 shows the spike potentials from two twigs of the Limulus optic nerve 

recorded simultaneously. Two selected afferent neurones and their dark adapted 

receptors are represented. One receptor responded wel l  to a standard visible stim- 

ulus which was confined to that receptor alone. The whole eye was exposed to the 

ionizing irradiation but the previously illuminated receptor was not excited, only 

the second receptor responded vigorously to x-irradiation. An increase in the x-ray 

stimulus intensity in  the lower record serves to further stimulate the x-ray response. 

X-irradiation has no affect on the response of the refractory unit. 

Unlike the visible stimulus situation where the receptors of Limulus show a general 

similarity in  sensitivity, the differential sensitivity of some units to visible light and 

x-rays precludes the use of single neuron recording for the study of many aspects of 



x-ray stimulation. However, i t  i s  possible to record from the whole optic nerve or 

large portions of it, By counting the elicited spike discharges electronically, there 

i s  l i t t le loss of precision over that of the single unit preparation. This procedure was 

used in the collection of the data presented. The eye was prepared i n  the usual way 

except that electrodes were applied to hold large portions of the optic nerve. 

A visible light stimulus of several intensities and durations was presented to the 

dark-adapted eye. The response, which i s  a count of neural potentials elicited by 

the stimulus, exhibits a characteristic sigmoid shape when plotted against the log of 

the h’mulus intensity. MacNichol and Benolken have pbblished that the add8ion of 

ethyl alcohol to the medium of the preparation eliminated the inhibitory interaction 

between units. Under such conditions the sigmoid shape of the relationship i s  lost at 

the higher stimulus intensities. The lateral inhibitory neural system apparently serves 

to limit the optic nerve response at high stimulus intensity. 

--_--------- 
This graph presents the mean results of four preparations. The stimulus-response 

intensity relationships are drawn for normal or inhibited responding and subsequently 

for the disinhibited condition. The contrast of the inhibited and normal functions i s  

obvious and establishes a typical response form for stimulation of the system by way of 

the visible light transducer. The same relationships between stimulus and response 
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would be predicted for the x-ray stimulation, i f  the transducer site i s  the photo- 

pigment. 

-----_---__ 
In contrast to the previous slide, the resulting curve shapes of x-ray responses 

are of importance but absolute response levels are not directly comparable. The 

response of the normal preparation to x-ray stimulation i s  similar to that previously 

seen resulting from the visible stimulus. But a great change in response curve shape 

occurred after disinhibition. The sigmoid relationship to the visible stimulus curve 

for normal or disinhibited eyes i s  lost. Results of the disinhibited preparation indicate 

a lass of intensity dependence at longer durations. From these data i t  would be pre- 

mature to specify a specific site for the effect of ionizing rays. However, in  an in- 

formal framework, i t  may be interesting to eliminate some structures, 

------------- 
i f  the x-ray quanta were acting only on the photopigment of the retina no charge 

in  the visible light stimulus-response intensity relationships could be expected. Pre- 

vious data have described the photopigment as largely insensitive to x-ray. De- 

polarization of the primary afferent fibers as proposed by Hug and Tobias i s  also unlikely. 

Separately, Gaffey, Austin, Saito, and Stahl and Dowson have recorded alterations in  

axon excitability as x-ray doses greater than 100 r or particle irradiation has never been 

demonstrated to initiate a propagated potential. Optic nerve excitation by 10 -4 r 
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seem to eliminate the oxon as a transducer. Thus the photopigment and primary oxon 

may be excluded tentatively. 

Two sites for transduction of high energy electromagnetic irradiations remain. In 

Limulus one i s  at the cell bodies of the primary neurones, the retinula and eccentric 

cells. The second i s  ot the site of interaction both within and between receptor units. 

It seems remarkably naive to assume that the retinula axons are functionolly inactive 

although no proof of their physiological activity i s  available. Possible interaction 

sites are between the retinula cells and the eccentric cell and at the nerve plexus of 

retinula cell axons and the eccentric cell oxons. The remarkable alteration of stimulus- 

response relationships for x-ray following disinhibition of the receptor system seems to 

implicate one or both sites. The question of a locus for init ial depolarization must re- 

main for some careful micro-electric study and histological verification. Modification 

of the axon depolarization theory seems to be required by the data. 
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Slide 1. Oscillographic recordings of neural discharges from 

two receptor units represented i n  the Limulusoptic 

nerve. The lower trace of each recording indicates 

stimulus events. "Light-on" is marked by an upward 

deflection, "x-ray on" by a downward deflection. 

Note the continuation of post-stimulus activity in 

the x-ray responding unit at higher stimulus intensity. 

X-ray parameters were; 50 KVP, HVL 0.25 mm AI. 
N 
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Slide 2. Optic nerve output during visible light stimulation 

of the whole eye. Response curves ore marked for 

stimulus flash time. The curve order of flash times 

i s  the same for the disinhibited preparation in which 

6 % ethyl alcohol was added to the medium. 
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Slide 3. Mean optic nerve response for four preparations 

where stimulus duration was two seconds. Normal 

data wm taken f int and 6 % alcohol was added to 

the medium to produce a disinhibited syitem. 
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Slide 4. Optic nerve output during x-ray stimulation of 

several durations. X-ray parametan were ; 

50 KVP, 0.25 mm AI. Disinhibition was pro- 

duced by the addition of 6 % ethyl alcohol to 

the medium. 

Washington National Record Center 
Office of the Army Surgeon General 
Record Group 112 
Accession #: 
Box #: 
File: 

GTA - 4 S. 13 
6 

\303 -25 TbL"S7/ A"LmI u;,Vedy 
-2+9g 



e)itbelirl c 
pigatai-, 



Schematic drawing of the Limulus visual receptor 

and i t s  afferent system. 

- Slide 5. 
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