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Abatpot 

In an attempt to gain some wight 1nto the pb,ysiolog1Ca.l 
condition of mice 8urvirlDg massive doeea ot Z'l.d1at1tm, a 
study of their vitality was UDdertaken. It .. ustUDe4 
that the abUi ty of these an1mals to do toroecl work W011l4 
be a meuure of their '9ital1tq 0 St1m.ula~ aposed ani.­
mala to run in, exero1ae wbeela to their tul1eat aapacd.t;y, 
bas resulted 1n a demonetr&tiOD of a etr11dng v.1tal1tr 
loss during a post-1rradiatiw period, when 110 other .~ 
feN are demons trable bJ· gross ezamwt1cao 

Mice subjected to a, med1an-letbal dose of £_t neutron. 
show f1 continuous v.l.talitT ,loSs owr a '300 cJq period 
following esposure. 

Centrol animaa ahow no appreciable -1088 ot vital1q up 
to about 8 months of &leD after which a gn.dual loss 08D 
be noted., probabl;r due to a nomal Cereologio prooesaI' 
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1'KE EJ'FEC1'S or IAS'llfEllSNS OB DIE ABlLITf 
or MICE m TAD lORCED EJEICIS&, 

10 I!!tI'oduft1a 

1lle acute aDd late etteeta or single DlUs1ft aceea ot radi,­
ation have been studied ex:te.n&lveq w1tb11l the past few 
years and a recent report\l.} b;r raembel'8 ot the sta.tf ot 
this laborato1'7, sUIIIl1IIlrized ~ or the &d.o 

Among the acute effeots ot large doses of rad1&t1on, which 
have be. studied, are those concerned with sUall 4est..mot1". 
changes 1D the org8l1 ,B1Stems of the bot\Y UI ' 

I. Damaae to the hemopcletl0 fJya.tem, 88 ev1denoecl 
by hematological and b:1stologiOe.l ttDIIlmatia. , 

20 JlaJnage to other orpDs ,such _the llyer, ... 
teatineB, lungs, gonads, eto. 8.8 seen in gross 
ad microscopic pathological eDlllmatiODo 

30 ChaDges in the gcemi b~ features, .uob 88 
weight loss, emaciation and other etfects,. noted 
b.r grossobserv.atioDo 

. 10 1lenllha., Po S., EO' Po R:U.e;r, R. S. Snider, and 
Go Eo Stapleton - Comparative Delayed Utects ot Single 
Doses ot Fission Neutrons md ot Gamma Ra,ye - l!anJl...1l6 
- Jma.e 19460 
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Following en exPosure of ~ 181'le group of .tee to .. JIled.iaD-.. 
lethal doee (LD-50) ot taat neutrons, the ohraDologioal order 
of even ta as evidenceG from pols obferwtta, 18 somewhat. 
as tol10ws, (1) a latent pttrlod ot lOme 4 to 7 da,ya f'0110'f18 
the exposure during which few, it 8117, ot tile e1lDal.a d1e, 
(2) a general weight loss and eac~tlQD apparerl~ Ocotm!l 
in a large Dumber ot the an1malB, I'esult1ng m death to 
about half cf the animals OftI' a period of about three weekso 

Interestmgl¥, the animals which' an 'able to sumve the 
earJ,r eftects of this damaging agent appa:rentq naover' and 
resume a nomal 1i£eo SUrrival data, howe'tIir, mdtaatea 
that commenoing at about 30 weJail after exposure, the ani­
mala die preaturely depeo.d:ing 0Jl the magnitude ot expo.ureo 
This phenomenon is sometimes foretold b.r manifestations of 
premature aging, such as g1'fq'SDa hair in colored m1a.e, 10SB 
of eyesight and general thiDnmg of hair. JJu.r1DI the poet 
,irradiat1w period" troa 3 weeks up to 30 weeks, most ot the 
sUlviving animals show little or -DO maniteetat10n ot physical 
weaknesso '.fhe, appear'to be •. hulttv' and Dormal aa 'b 
control mioe, yet the,. haft reoelwd a dose ot l'8d1at:lcm sut-' 
fic1ent to ldll half of the animals in the g~o 

Sinoe these animals have rece1ftd:, a large doise of !njur1au 
agent, and since -there is enden. of damage mcurred, as 
shown by late effects, the quest10n al"OlSe a& to whether or 
not some capaCity, normally pOS8essed by en1llala, Idgh\ be 
lost as a ,result of irradiation! Dot d1eaemable bT grosa 
obaenat1oDo !4oreo-ver, such a l.OS8 of abilltq might be a..... 
monstrable soon after exposure, it the exposed an1mals were 
given the proper tests" ' 

-2 M:;Jt:J--g .. I,! l::r~;.~,..WGl 
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In an effort to aacerttdn the p~~&il conti'i. or adce whiGh . 
had beea subjeoted to massive doe .. . ot l'8d.iat~, a etwtr of 

. the vitallV of' tbeee anirnals baIIlbieeD uaderteken by l1eaeurmg 
their abUity to do \'\fOlk UDder _tress U .• eo their. abUl\y to 
do torceci exeroiee).. Tile chiet purpose ot th1e .~ 1l8.1li to 
.. tablish a method tor Jleall1JrinS ,Vitali\?"# aDd althoa:tcJl the 
number ot animala used ... II1Illl,: some ifttenetmc t.rea.da were 
demonstrable. i 

;t,l PrelJmmaa; ConsM!mt1opal 
, 

Sewral earl.y at.tempts were made ~ dev:l8e a method of IIII!t&­
aurement which would ~ seDSitl.,. ~ to de'teat alScht 
differences in the rltallV ot experimental and _'1'01 azd,.. 
malt IJ while at the same t1me P1"Ociuomg DO· deleterlou effeota 
in the animal.l. . 

Such methode all detel"lrln1Dg tor what leDgth ot t2me a lIOU8e 
GOuld haDa from a wire .. or a.1m in a taDk or water. pJ."Owd 
to be &II UMUCCessf\1l 88 the.1 were s1mple, attributable 
chletq to the remarkable leam1ng abU1t.r ot thea. m1maleo 
It had been assumed that either o~ theae .~ m1ght haw 
giveD us a me88Ul'e of' the vital1V'or enduraDoe of mice, SD 
that both GOlisisted ot plaoing tbaa m .. UDIla~ 8111'-
1"OundirlgJl which ahoulc1 ha .... bem suftio1eDt etJ""ua'to rone 
them to work to their full.' 'oapao1t7. 

It seemed tileD, that. a -tbocl, to be 8UoceHfUl, eho.u.ld ... 
taU putt1ng the en_I bL aD almost oatu1'81 8~, 

'- the on13 tb1ng urmatural bema the atSmalat1cn cppl1edc !he 
. device tor measuring should. be of 8Uah a nature that the 

mouse 1I'oul4 be forced to wozk to ita tDlleet oapaolV, con... 
stantl.y, tor a period of 'Mme. 

..e,!t!?t§:r"'ld • .- , 
f 
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The mea t suitable of' the de'dcea etud1ecl weft "Uel'Cdae 
wheel.e ft • An:1mala, plaoed in such -"la, oou1d be torced. 
to run 'b7 the appl1cat1011 of' 80me 8t __ , for e.xample, 
a jet of air playing up on a mouse from beDeath the wheelo 
The Dumber of 1"e"lOlutioaa l"UD, thEIl, per _1t of time should 
be a measure of the ability of the anSmala to do f'oroecl worko 

When sewral an:1mals, chosen at random tram a cage' of mi. 
which had prev1cusq beeD. eJq)08ed to the LD-50 of tutlletP 
t1"ODS, were placed :m the eD1"C1se wheela and rwi :lDd1vldual.q 
for a period ot 8e_1'81 houra, SODle enUahtenmg treoda lt~~ 
observed as shown 111 Figure 10 DJe t1llle of runnmg, in 
m1nutes, 18 plotted 88 abscissae, the a-.ezage number of re­
'9Olut1oD.e made by three aperimental and three CQDtrol mice, 
as ordinatea. 

It can be seen from the graph (Figure 1)· that a conetant 
rw:udng rate was established 1mmed1ateq by' the animale :m 
both groupso It:lB also noticeable that the aper.1:mmtal 
animals were able to roD at about one-hall" the rate of the 
controls 0 '1h1s trial 1'UIl was made with an1maIs which had' 
received aD nposure 70 daTa previous to the ~te of the 
tea to . ' . 

from theae data it could be oonoluded that about one-half' 
an hour running t~e would be 8uf'tio1entto gift Us the de­
aired 1ntomat1on. Ha1reftr, to suppl¥ a satev tectOI', m 
routine exper1mtf!lW thq are :run tor 8D hour, 1'e'VOlut1oDs 
per hour being taken as the standard unit 'for comparative 
v1talitN measurementso 

.. ~ S'" jl,.!k%,W . • .. ~.DI~~~e~i~lI;i~== .. ___ ~ __ 
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2. MaBJ1a1.aud Method!' 

Jlurl.ng the COQlge ot prellmmar.v espe~tat1aD, ~ . 
qual1t1cat1ona .. re tound to be Deoee.ar;, • 8 wheel, JD 
order that reproducible results' could 'M o1:niIdDedo MIo.D2 
these Were; , 

(a) low SnerUa (bj ease ot operat1cm. 
( c accessibiliV tor oleaDmg f11d: • tel'1l1u.t1on 
(d unit os V of cbaraoter.lsUee betwea wheels . 

wileD sewraJ. are used. 

After atu..".ing, to 80me .. xteD:'. the comaero1al modele ot 
eDrci8e wheels, it W88 found tbat b7 haviDg the n:pen,.. 
mental wheels bu1lt to our apeoitfoat10D8, more of the 
necese817 features could be hloludedo 

Six alum3um. wheels' _ft fabricated 8Ild 8ft shom 1ft F1gures 
2 EUld 3. 1\vo disks, 10 inchee m d1amet.er,' were ont ,tJ.oom 
l/16 :!ncb aluminum plateo To theee, the tftad surface ot 
the wheel ('i mch wire mesh, * incbes, :ill width), ... at­
tached with two super.lmposecl alum1num rlzap •. lIle wheel.e 
vere fitted with predsion balJ,.bearmp, which made th_ 
almost frictionless :in their IIOt1cm. 1'h. IlUIIber ot l'eW)oo> 

lut10na ot the wheels \i8B recorded on"W1aard-tqpe electric 
recordera, controlledb7 miczro,..switehes attached to the 
wheelstandardeo 'These micro-switches weN 'tripped' b7 
small 08lIl8 attached to the axles of the wheels. !he C8DIIB 
and .witches were so designed, that a revolut1cm m either 
torward or 'baaialard direction was recorded. 

[h&~'~'~ 
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A small jet of eir, p1qSng up fl"oII UDdemeath, thfougb the 
wire mesh, pl'Ovi4ed sutf'1a1en.t iltiDJlat5Aa to keep a .,.e 
moving, whUe at the same time hav.tng 110 appueet 4eleted.ous 
ef'tecta OD. the an1malo A nOl"lD8l D __ s.n.45ate4 OOIltrol lIOUIIe 
was -able to :run approximateJ,y one thOU88Dd 1'eW1Dt1ar:a8 pu 
hour, \Vi tb the -aboft deecrbd esperSaeDW c1n:1oeo 

681 Bjoljpgical Matertalt 

Camortb cr.l temale miae, the atanaa,a 8tndA. ot Idoe tor 
t.h1s la'borato1"1_ were used in all of the c1etermSnat1oDeo 

-Dle animala used were troa P'OUPS -which bact noelve4 a medisD­
lethal -dose of tut neutrons pzoe'l"!.ou4 to tile "'-taliV detep:. 
m1De t! ona e . 

2,2 B1!UM1c!al Method. 

1'be standard procedure was to pick, at ftIlldolD. three ~ 
mala from a group of pre'9'1ouaq apoae4 lIdoe. 1be aontnl 
Illoe were picked, s1m1larll'. tl'OIII g1'OupB of lI10e wbioll -
haw become knoua. _ u §peptic 2oD!!ile, JD other ,,~:rda, 
a1lllala which reae1ved the 14enU mechanical treatmeD.t 
u the ellpemental animals, except, of oou1'8e, the actual 
lrrad1ationt) The six animalS ohosen tor zmm1Jlg weft JIlased, 
either with stem, or toe-ollpped, '1n 01'de1' that t.he¥ could. 
be d1at,1Dgu18hed from the -:rest of the animals ill a particular 
aageo 

on. • week, au an:1mala, three experimentala and three OI:D-t 
trole, weft placed in the neels, and with the air tumed. 
through the smell jets, the run _ starte4. Dle 8IISmala 
.. re rotated from. wheel to wheel, .et atter week, iD 0.1' 
to determine the unitomitg of the wheels, and also to .w!'age 
out eDT DOI'l-un1tormlt.r wbi. m1ght haw ex1eteclo Veinc th2a 
method, it wu t01Uld that the s1% wheelS dittered b.110 per 
oeo.t or l.easo 

~ 
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3. B!!ult! .4 M!pa'. 

The rurmmg raw of thI'M arOuP~ of m1oe, which had .... e:m­
poped to the LD-50 (90 0) of tat neutrou, prev.S.oua to the 
time detexm1nationa began, are s~OWn !Ia n,ue 40 the Dumber 
of re'VOlut1ons per hour mac1e b)" the ellP'r.taeotal andOCdlVol 
mice are shown as o:rd1nawa. the IlWIIber of &ow the ftPU'£- . 
m~thad beeD in progress 18 plotted as aba.a ... 

The cu.ryes. indicated as Ezper.lmeDtal A aDd B, daDoaatrate 
the occurrence ot a cont1uWNS loes of Y1tal1V of those 
animals whlab had received. a cloae of nd1atioD, .. compared 
with the controls (Control A an4 B CUrn.)e 

Although 'eaob of' theae .cunes :represents ~ea'ft1'88e :r1l11D5ng 
rates ot only three mltseg their .,.l1d.iV 88 a tl"l1. :repneent­
atian ot the ocourrlng evente follorliDg 1ftad1at1oD, 111 sub-­
stantiated b.Y the tacttbat, the 0UJ."'t'88 hperJmental 0 ant 
Control 0, 9b1cb are based GIll the awrage 1'UDD1Jlg atee ~~ 
18 and 6 anima14 respecrt1Vl!~ ~ are alrea~ ehowSng 'the .1UIl\'! 
genenl trend. At preSent (130 da7e after exposure) the 
experimental animals are, ell the a'ftrase. onl1' 70 peNeDt 
as etfic1ent 8S the controls. . 

It has alao become evident that the nca-irradiated control 
mioe ShOlf a decrease m rurm:ing rat. at &bout ]SO dB,fa after 
the begm.nhlg of the apement whiCh mq be aD 1Dd1oat:t.oa 
of a normal aging etreCt OIl v1talitq., Smoe it W88 a gen-
eral practice to use, tor ~osure purpoa., mice which were 
about 8 weeks old, the no1'm8l age eUect became apparent at 
about 2JJJ days.. It should be noted that at, about the same 
t1me, a atnldng v1t8.J.itq loss occurs ~ the e~r!mental 
animals, which ID8.7 " attributed to a radiation eUect markedq 
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enhanoing the normal aging effect. the two, occurr5zlg s:2mul­
taneoual¥, result m a loss ot tzoa 60 to 75 percent of the 
normal ntal1v of a mouse at about 30 weeke after apoaUl'eo 
It is :Snteref.lting to Dote th8.t at this t1ae the an!mal.a became 
emao1a ted and the phenomenOll of pre-matun death eet mo 

It is apparent hom Figu." 4th6t a :v.l.tal.1t.v 1088 1a demCD" 
strahle. in in-ad1ated mice .alitost immed.1awlJ' atter exposure .. 
During the same period ot time ~e cantrol mloe, because thaT 
are learning to run the wheels more eft101entq week after 
week, increase their running raw. After .about 3 or 4-tweeks, 
the control animals reach a ma:dJDwD etficler.,. which thW 
maintain tor about 180 dayi, atter whiCbtae n0J'll81 aging 
beginS to have an effect CIa tbeirvitalivo ' 

Althougb there are 80me indloati~ of' penod1o ~empora17 
recoveries, the general trend of the rmmSDa ate of ~ 
rad18 ted en1.male 1& domWa.Jod .. 

'lbe ftsults just presented demoll8trat~ that a loS8 of v1talit7 
OOCUl'8 j,n an:lll)s.ls subjeoted to a Dl~letbal doee of fast 
neutrons... Th:1s 1088 is not manites ted Wb~ an1mala are ob.­
served in the standard. exper1mental cv:1Z'oDl1ent (ioeo in cages 
in the animal farm), but 18 read:U.7 observable wheD. tIlq are 
forced to elq>end their ene1'l'1 in do1ng : work. . 

Ho1"eO'le1", tbeee results g1w. ua en 1nsigbt into the J>h3'sical 
condition of the irradiated an1ma18 c1ur1ns a period ot tJleir 
liftS (21 to 200 dQ'8) when DO other method 18 able to demon­
strate a damagmg etteot ot radiation. 

lhe loss of vital1V hu heED .hoa to be a .tinuous pro­
cess !n that it progress_ vdth time, aDd doea Dot consist 
merel3' 1ft an animalll'. being 1mpa1red to such en extent that 
a :&;ower level ot activity j,s aasumed BIld maintained. fhie 

~"'1t~d'1.M~Al?id ,1 
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seems to indicate tr.at .heD a large d08e of 1onb1D& 1'Ild1atioD. 
is adm1n1etered to some animals, 8 Pl'Oceu Or slo. pbJa1aa1 . 
degeneration is initiated, whi_ 18 p1"Obabl3 enbaDced at a 
later date by the normal gereologioal Pl'OoeIIS"o 

? .. l Influence of Train1ng aD Vitali. ot Micea 

, It became obvious 8S the e1:p8r1dieat. proa.reesec1 that 80me ef­
fects might haft occurred during the tint three weeks attar 
1:rradfation, which may Dot be demonstrable by the method usedo 

.As indicated, above there is ev.ld.enoe that d.ur1:ag the t:h"8t. 
three weeks atter the detel'm!nat.kms began, the contl'Ol mice 
1mp1'Owd their ronning reeord. It a sa1lar prooe.. oocure . 
in the irradiated mice, the rad1ation efreda might be JllB8ked 
or contused by the training proceSso 

. In an attempt to elimmate this possible oampl1cat!oD, leftral 
groups of mice were trained before elIPOsure. The mie, were 
run ewr,y thi1'd dq tor a three weeks 0 ped.04t or until th81 
reached a ma:dmum.. At this time ael'tam mice in a group 1I'9J.'e 
i'ow:ul to be consistent in their l'UrJDmg l'Iltea' tor several 
rune.. Th.ree of theee mice, whose l'UDD1Dg ft.tes compared with­
'in a tew percent cons1stmtq, were cbOlell tor rarm1ngo 1!le 
entire group was aposed to aD LD-50 ot rut neut1'01'l8, "and 
therunn1ng rates of thee. an1mala 8114 their oont1'Ols were 
recorded once a week up to the pre8eDt uae. 
1he results obtained when determSnatiOD8 were made with three 
such grotlpS are shom Sn Figure 50 It w1l1 be noted that 
there W88 no etr11dng dUf'erenee between the l'UIU11ng rates 
of tbe :lrnc1:lated and,noa.-iJ.'nld1ated aiee. In one sroup 
there was a difference of 12 percent, :tIO da1a tol.low1ng 
82P08Ureo I'D contrutD the groups Wh10b were exposed before 

e!!!!:~o;,::r':;';;"i¥" 
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determinations ,began, at a sSmSla~ t11M attezo n;poauft, showed 
that the nper1mental mioe wen able to do OIllJ 50 peroent 8.8 
much WOB as the controls, pel" DD1t of time. 

Control mice showed a downwud trend 1n n1ial1v at 180 da;ys, 
similar to that demonstrated .11'l aU pre'fiowiJ poupe. 

One might conclude trom the rea14ta obtaiue4~ that rwming 
the mice before expost11'e made them more plJ,raioalq tit, and 
thereby more radio-ru18tent. Amore plauaible ex,planat:1on, 
howewr, 1s that picldng the mioe which zoeaohec1 a COD8Utent 
ma.xitIlum tirst, was, 2n a true aalse, a Pl'O-- of .election .. 
In' other words, picking the lIice sa we did p1'Obab~ roulted 
1D chpoaiug the best and healthiest mice in a 1oto 

It is accepted b;V most mvellt1gato1'8 that the extent of cJ.amage 
incurred b.Y ~e tise of an 1nJurS.oUs ageut 18 clepen4eDt OIl the 
phys ieal condi ticm of the tat anJ.mala at the tiM of adBdn- ' 
iatl'ation. Since a selected group of mice .. ue4 tor detel'l­
IIdnat1ons, _might elq)ect that thq would be more aci1c­
reeistant than the average, or poorer tbaD. 8,.rag., md.malao 
To compare1;he resulta of theee two, expe%'!mente 18 iilall 
p~bab1Uty not "fal1d, smce tbep1'Ocedure was alt.zed :In 
the second 'experlmento 

It is thus appare:o:t that the 'tra:bllDgl' p1'OceduJ:e 'II Utilised 
does not go tar 1n clemonstrat1ng the h1stoJ,.7 ot e .... ts 00=> 
ourrmg dnr:1ng tlie days 1mmed1awl.t· following 1rradiat:lOl1o 
Siuce much u alreadl' mom, ccmcemSng the acute effects during 
this pe!'iod, as ev.t.denoed b1 other ~ of qaminat10n menUonecl 
before, it was not considered pert..1nent at tld.a time to delve 
cleepel" mto the vitalltN h1stor.ro 
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From a different viewpoint, howewr~ the tra.:1D1Ilg experiment 
18 interesting in that 1t auaeata a peasible method for 
differentiation of animals 1n a croup 'accord.ing to thed.r 
phyelcal conditiono !his leada one to ponc1er the possibility 
of us1ng 8 aiJllilar method to atudJ the relat1onah1p of 
physical. condition to rad1o-seDsltivivo Some experlanta 
are noV under wat to test quantitaUvel1 this 88.'WIled re­
lationship .. 

40 §W!!!!!!17 

1.. The effect of tut neutron irradiation on the &biU t,­
ot mlee to do forcedexercue has been studied, u:1ng 
several groups of cr .. l leJII8le mice.. the ~r1ments, 
~rtol'Dled with relativeq sDI8llnumbers or animals, do 
not allow us to make strong statlat1cal anaqsis, but 
~evertheless, do show interesting trenda,'whlabsUl­
gest further exper:1mentat1on using this method with 
minor improvemente.. ' 

2. 

3. 

40 

This method has BJIlde it posslble to stu", the 4amag1ng. 
efteots of radiation 01'1 mice during a per:lod when no 
eff'ects were manifested by gross aammatioD. 

A continuous los8 of vitali. bas beeD demonstrated 
:in animals OWl' a 3QCl-day period following exposure 
to a median-lethal doe. of' teat D~utrons. 

Control mice have been. found to demonetrate a v.1tal1ty 
loss beginning :at an age of about 8 montlls. which is 
probab~ a normal effeot of aging", At the same time» 
irradiated mice show a str1Jdna 1088 of v!:taliV, pto=. 
babll' due to a .oompoUD4 etreet brought about b7 normal 
aging occurring simultaneousq with one of tHe late 
effects of radiation.. ' 
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