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INTRODUCTION 

The manner in which certain factors influence the 

susceptibility of protoplasmic systems to ionizing 

radiations is not as yet well understood . Of prime 

importance among these factors is metabolic rate; it 

has been demonstrated that there exists a definite re

lationship between metabolic level and the lethal 

effects of such radiations . (1) At the outset it must 

be pointed out that there are two principal problems 
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in this connection; that is to say, radiosensitivity 

can be studied in relation to metabolic rate prevailing 

(1) during or (2) subsequent to exposure . One of the 

most frequently used criterion of radiosusceptability 

is mortality rate . 

There are various physical and chemical methods 

available for the experimental alteration of metabolic 

rate . Exercise is __an efficient method of heightening 

the overall metabolic level; it has the particular ad

vantage that it does not involve the artificial intro

duction of chemicals into the system . In general , there 

have been surprisingly few investigations into the 

question of radiosensitivity in relation to muscular 

activity (exercise involves principally this form of 

activity ) during and subsequent to irradiation . In

vestigations regarding the relationship between exercise 
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subsequent to irradiation and mortality due to total~ 

body irradiation have been notably lacking; conflicting 

results are on record . Kimeldorf and Jones (2) report 

that the lethality of total-body x-irradiation is in

creased significantly in rats with induced , repeated 

vigorous exercise ( swimming ) subsequent to exposure . 

However, in similar experiments Smith and Smith (3) re

port that x-ray lethality is not appreciably increased 

by post-irradiation exercise . It .must be emphasized 

here that the few data revelant to the problem of radio

sensitivity in relation to induced ~xercise prior to 

i~radiation have been derived from experiments in which 

the exercise was induced a -considerable t ime before 

irradiation ; Kimeldorf and Jones (4) concluded from 

their investigations that exercise g iven daily for two 

weeks prior to irradiation results in no significant 

effect upon mortality . 

As far as the writer has been able to ascertain, 

there have been no investigations directed specifically 

to the problem of radio sens i t ivity in relation to exer

cise induced during or immediately prior to exposure 

to lethal doses of ionizing radiations . rt · is to this 

issue that the present investigation is specifically 

addressed . As originally planned , the investigation 

was to b e directed to the sole question or radiosensi

tivity in relation to induced , violent exercise during 

irradiation . The method of exercising employed , however , 



proved unsatisfactory; hence , a revision of technique 

was indicated . The revised method involved induced, 

violent exercise immediately prior to exposure to x 

rays; its advantages will be described . The prelimi

nary results obtained with this second method were 

clear-cut and highly sugges tive . It is with the data 

derived from this second method that the present report 

will be principally concerned . 

The theoretical background of the experimental 

work reported here derives from the well recognized 

fact that a condition of anoxia is accompanied by in

creased radioresistance (1) . 

Briefly , this thesis is directed to a study of 
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the radiosensitivity of mice , as measured by the ensuing 

mortality rate , in relation to heightened metabolic 

activity occasioned by ind uce~ violent exercise during 

and immediately prior to exposure to a lethal dose of 

hard x-rays . 

MATERIALS AND METHODS 

The animals used in the present investigation were 

male Swiss albino mi~e , of the same a ge , secured from 

Carworth Farms . These animals were housed , fed , and 

watered according to accepted recommendations . 

Two principal experiments were performed; these 

will be de s cribed in order . 



Experiment I: The Effect of Exercise During Ex~ 

~osure on X-ray Lethality . 

This experiment involved ninety-six mice ; these 

were divided into four experimental and control groups 

as indicated~ (Table I) . The method of heighten--
ing the metabolic level during exposure was as follows : 

The animals were exercised in an electrically driven 

treadmill apparatus constructed of plast ic (Fig . I) . 
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It r evolved approximately twenty and two- thirds times 

per minute and measured five and one-half inches in 

diameter , large enough to contain four mice at one time . 

One side consisted of a removable wall to facilitate 

deposition and removal of the mice . Small wood splin

ters were glued to the floor t o g ive the animal more 

traction . 

One group of thirty-two mice was exercised for ten 

minutes prior to irradiation , and then for an additional 

twenty minutes during the administration of the radiation ; 

a second group , comprising thirty-two mice, was irradi

ated during a period of twenty minutes while the animals 

were at rest in the immobilized treadmill , without pre

vious exercise ; a third g roup of twenty control animals 

was exercised for thirty minutes in the treadmill; a 

fourth group of twelve control animals was subjected 

ne ither to exercise nor irradiation . 

The radiation conditions for Experiment I were as 

follows : Type of machine , G .E . 1 axiscope ; 220 kv ; 7 ma ; 
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Fig . 1 . The electrically driven treadmill , con

structed of plastic , was employed in simult aneously 

exercising four mice during expo s ure t o x -radiat i on . 
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FIGURE 1 



target-to-animal distance , 50 cm ; 40r/mirt; added filter 

of 2 mm Al(equivalent to . 07 mm Cu) . 

Experiment II: Effect of ~xercise Immediately 

Prior to Exposure on X-ray Lethality . 

In this experiment a total of eighty-seven mice 

were involved. These were divided into experimental 

7 

and control groups as will be described below (Table II ). 

The method of exercise employed in this second experi

ment consisted in suspending each mouse by its tail 

with strips of adhesive tape to a horizontal bar 

clamped above a pan about one foot long containing 

wat~r . To avoid having its nose submerged the mouse 

arches its back and paddles violently with its front 

feet; the hind feet paddle in air with equal activity 

(Fig . 2) . The animals were irradiated in a p lastic 

container covered by a wire screen which prevented 1/11 
escape ~1/IJI). Four animals were placed in the 

container which was partitioned with pieces of lead . 

The center of the container was walled-off to insure 

more uniform irradiat ion of the animals . 

One experimental group of thirty-eight mice was 

exercised violentl y for ten minutes prior to ·irradiation , 

and then , immediately irradiated for three and one-half 
~(%-Lt 

minutes in a plastic dish , a second experimental group 

of .thirty-nine mice was irradiated for a period con

sis t ing of three and one-half minutes in the plastic 

dish ; the third group of ten animals was exercised b

the s vlim.i11ing method for ten minutes . 
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Fig . 2 . -The following is the second method for 

inducing exercise : The pan , filled with water , is 

brought up to the head of the mouse which has been 

securely fastened by his tail with strips of ad-

.hesive tape to the horizontal bar . To avoid having 

its nose submerged the mouse arches its back and 

paddles violently with its front feet ; the hind 

feet padd le in air with equal activity . 

Fig . 3 . The plastic container, partitioned into 

four compartments by lead plating strips , used to 

expose the mice to the x -rays i mmediately after the 

exercise . Four animals at a time were exposed; the 

screen prevented the escape of the mice . The center 

of the container was walled off to insure more uni

form irradiation o~ the animals . 
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FIGURE 2 

FIGURE 3 
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The radiation conditions accompanying Experiment 

II were as follows : Type of machine , G .E .• Maxi scope ; 

220 kv; 10 ma; target-to-animal distance , 25 cm; 228 

r/min; added filter of 2 mm Al(equivalent to .07 mm Cu). 

OBSERVATIONS 

The response of experimental and control gro ups, 

in terms of mortal ity r~te, in both experiments were 

regularly observed following each experiment. The data 

gathered are described below . 

Experiment I: The data summarized in Table I re

veals , upon inspection , that at the end of a period of 

sixteen days subsequent to irradiation all the experi

mental animals were dead . That is, those irradiated 

during exercise and t hose irradiated resting . Deaths 

in the s e g roup s began on the fourth day s ubsequent to 

irradiation and continued in almost daily occurence 

thro ughout the following twelve days for both the a ni

mals x-rayed wh ile exercising -and those x-rayed at rest; 

the difference in death rate was not significant . How

ever , following the fourth day the numeric a l mortality 

among the animals x-rayed while exercising remained 

generally below that of the animals x-ra yed while rest

ing . On the eleventh day subsequent to irrad iation 

tney a g a in coincided as to the number of dead animals . 

The last a nimal of the group irradiated while resting 

d ied on the thirteenth day , while the last animal of 
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the group exercised during irradiation succumbed on the 

sixteenth day . The total number of deat.hs among the 

exercised controls at the end of sixteen days was five 

animals ; one of the normal controls died on the fi f 

teenth day . The remainder of the controls of this ex

periment lived the normal life span of a mouse (Table I). 

On the basis of these data no significant di f fer

ence in response between the animals irradiated at rest 

and thos~ irradiated while exercising could be detected . 

A review of the experimental circumstances sugges ted 

that perhaps more meaningful data could be secured if 

the method of exercising was revised ; for it was apparent 

that while the mice were in continual motion this was , 

in large part , tumbling , a passive sort of motion . 

Similarly , a good portion of otherwise effective radi

ation was lost b y absorption within the plastic cage 

surrounding the animals . 

Experiment II : In the second set of investigat ions 

the animals were ob served daily as in the first set of 

experiments . However no an i mals died before the four

teenth day . Again the mortality of the group of animals 

exercised immediately prior to irradiation was higher 

than the group irradiated at rest on the first day of 

deaths . Following this , however , the mortality of the 

animals x-rayed at rest was significantly greater than 

those x-rayed wh ile exercising . After t wenty-eight 

d·ays thirty-five of -the animals which were resting 



GROUP 
OF 

SIGNA TION lc\NIMALS 

-~-A 
DEATHS OCCURING ON SUCCESSIVE .DAYS 

SUBSEQUENT TO EXPOSURE 

* RESTING C.ONTlcOLS OMITTED DUE TD LICK OF ANIMALS . 
r-' 
-t:-



.. ,! 

~ ~ i : : 

.. 

~ '' 

; l ~ ~ 

~ 
f2 
~ z 
~ 
UJ 
V1 .d) 
::> 
V) 

<I) 

~ 
<( 
0 



16 

while they were being irradiated were dead; seventeen 

animals exercised and x-rayed had succumbed . By the 

end of t vo months a fter the fi r st death had occurred 

twelve of the group e xercised immediately prior to 

irradiat ion still remained while only two of the group 

x-rayed wi thout exercise were still living . The con

trols of thi s inve s t igation all recovered from the 

vigorous exercise t hey were exposed t o . One of the 

controls died at thirty- six days; ·the others were still 

alive after two months ( Table II) . 

From the data derived in this second experiment 

it may be tentatively conc luded that exercise immedi 

ately p rior t o irradiat ion definitely increases the 

animal 's resistance to total - b od y irradiation . 

DISCUSSION 

The evidence derived from th is investigation in

dicates that induced , violent exercise immediately 

prior to irradiation somewhat lessens the radiosensi 

t ivity of mice, as judged by the ensuing mortality 

rate . The mortality rate of animals exercised i mmedi

ately prior to irradiation as compared with animals 

irrad i ated with out exercise is cons iderably lower . 

Four weeks subsequent to irrad i at ion , seventee n of a 

group of thirty-eight animals exercised immediately 

prior t o irradia t ion were dead , whi le thirty-five of 

the thirty-nine a nimals irradiated without exercise 



had succumbed . This means that 44 .7% of the mice 

exercised immediately prior to irradiation had died , 

while 89 . 7% of the non-exercised irradiated mice were 

dead . At the termination of the experiment ( sixty-six 

days ) eleven animals exposed to x-rays i m.mediately 

following violent exercise were still alive ; however , 

only two of the animals exposed to the x-rays without 

exercise still survived . 
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As indica ted , the results in the first experiment , 

(involving the treadmill) were not very informative 

(Fig . 4) . Any d ifference between the mi ce exercised 

immediately prior to and during irradiation and those 

irradiated wi thout exercise was not apparent . This 

suggested a revision of the me t hod . The disadvantages 

were that the induced exercise was not entirely active; 

it consisted l a rgely of pass ive tumbling . Furthermore , 

each of the four mice irrad iat ed at one time received 

varying d oses of radiation , for there was little uni

f ormity in their respec t ive positions in reference to 

the center of the x-ray beam . Another f a ctor to be con

s idered in the irradiat ion of this group of animals is 

that the plast ic walls of the treadmill absorbed a good 

amount of what otherwise would have been effective radi

ation . Thus the necessity of dev ising the swimming 

technique descr i bed for the second experiment . This 

proved much more satisfa ctory since it involved violent , 

aetive exerci s e . 
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From the second experiment the following tentative 

conclusion was drawn : There is a definite relationship 

existing between the physiolog ic condition occasioned 

by violent exercise and the deleterious effects of ioniz

ing radiations . I t is a well-known fact that violent 

exercise produces in the organism a n oxygen debt , a 

condition of anoxia . The animals cannot accumulate a 

sufficient quantity of molecular oxygen , and the energy 

required for the exercise is derived mostly from ana

erobic oxidations . 

Lacassagne and LaTarjet ( 1 ) sub j ected newborn 

mice to a state of a s ph yxiation, by nitrogen or carbon 

_iox ide , oc cas ioning a severe anoxic condition , and then 

exp o sed these mice to x-radiation . They found that 

animals irradiated in the anoxic condition survived , 

and s ubsequently grew at the same rate as the non-irradi

ated controls; however , cont rol mice irradiated under 

normal conditions of oxygenation died with in twelve 

days . 

It would appear t hat the results of the experiment 

reported here may be reasonably interpreted in terms 

of the marked lower ing of the concentration of mole

cular oxygen in the mice subjected to enforced exercise 

immediately prior to irradiation . In view of the fact 

that the mice were exposed immed iately subsequent to 

the cessation of exercise renders it more than likely 

that they had not repa i d any apprec i a le amount of the 



oxygen debt incurred . The total e xposure period was 

three a nd one-half minutes . 
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It has long been known that radiosensitivity is 

directly related in many instances to the concentration 

of molecular oxygen . As previously stated there seems 

to have been very little , if any , experimental work 

directed , in this radiological problem , to altering the 

molecular oxygen concentrat i on by means of exercise . 

The clear-cut results derived in this experiment , al 

t h ough admittedly preliminary in character , indicate 

strongly the value of this approach and the need for 

its further exploitation . 

SUMM --y 

_ method originally e mployed for studying the ef

fect on x-ray mortality in mice of induced e xercise 

during exposure has been appraised as inadequate ; the 

data derived with this method were judged unreliable 

in reference to the question posed . 

a lternat ive method of inducing heightened meta

bolic activity immed iately prior to irradiat ion is des-

cribed . The results indicate that a condition of 

heightened metabolic activity , occasioned by exercise 

immedia te ly prior to exposure decreases the radiosus-___, 

ceptability of mice when exposed to a lethal dose of 

x-rays ; appropriate controls were e. ployed . 

Some theoretical i ·nplications of the data derived 

from this work are discussed . 
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