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IITHOWCTIOI 

Inter-specifIc variation in response to irradiation has 

been aeknowledgtd and, to som@ degree, haa be«n quantitated. 

However, genetic variation within a species, although recog

nized, has not been put to sever® test as an experimental 

variable in radiobiological studies# 

This research has been dssigned to wasur© th® possible 

©xisteno® of genetically detemined differential responses 

to total body 3£-lrradlation. Six in brad strains of mice 

hav® been used for this purpose. These strains hav® been 

previously differentiated by their resistances to mouse 

typhoid, caused by the organism. Salmonella typhiniurluBi. 

The radiation response has been measured In terms of body 

weight change through a twenty-day post-irradiation period# 

In addition, representative radlo-aensitlve and radio

resistant organs, including the heart, kidneys, liver, spleen# 

and testes, hav® been weighed. 

Although utilization of genetically controlled material 

can usually Increase experimental accuracy, the degree to 

which this Is enhanced is generally unknown. It is the 

purpose of this investigation to determine the contribution 

of the genotype to the over-all variation In biologic re

sponse to total body x-irradlatlon. 
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Th® most effestive quantitation of Inter-specific dlf-

f«r®ne®s In reaetlon to irradiation has been in dosage-

wortallty studies. However, the many physiological dlf-

f®rene®s in r®®pon®e# from on© species to the next, as de

scribed by Frosser Cl94'7), have not been fully integrated 

into a broad analysis of th© lethal effects of irradiation. 

A posslbl© Icey to the understanding of th© mechanisms 

of differential reactions to irradiation may be found In the 

more complete analysis of differences that may exist within 

a species, it this level of study, dlealiBllarlties in the 

morphology md physiology are minor deviations from the 

specie® aean or normal biology. 

Intra*®peclfie Differences in Radiation Response 

Apparently the first recognition of strain or genetic 

variation in th® reaction to Irradiation was made by Henshaw 

(1944). A comparative study of mouse strains CSH and LAF̂  

at 50, 100, 900, and 400r total body exposure to x-irradiation 

brought out many quantitative differences. The lethal dose 

for C31 mice was found to be 450r, while that for the LAPĵ  

ale© was approxiaiately 600r. Cellular changes bor© out the 

observed difference In resistance to the lethal effects# 
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Wltli respect to the leukopenle response of the peripheral 

blood > Henshair atattd that 50r~ and lOOr on a GSH mouse were 

equivalSBt to lOOr and '^OOr, respecti-rely, on a MPi_ mouse. 

Histological changes in the hematopoietic tissuesj testes* 

and intestinal amcoaa also demonstrated a greater resistance 

to 0®llular injury in the mice, Henshaw stated that 

th@ ehangas were qualitatively similar# Indicating that a 

higher eritical-dos® threshold existed in LAPj^ mice. 

Further Infomsatlon with regard to strain differences 

In response to irradiation was given hj tiorenz, et al, (1947) 

and by Henshawi illey, and Stapleton (1947) in a symposium 

on the Fltatonitjffli Project# In the work described by Lorenz, 

@t ftl.# four strains of niic©j A> C®# dba, and LAPj^, were 

chronically exposed to gaiwna radiation. One interesting 

strain difference was seen by th@ authors. For strains C3H 

and used previously by Henshaw (1944) to indicate 

strain differences, the present study confirmed Henshaw's 

observations on the comparative resistance of the LA,Fj_ mice. 

4t 4»4r/8 hrs,/day# the irreversible sterilization dose for 

female hkWi aic© was between 770r and 880r# while only 450p 

was necessary to cause the same effect in C3H mice, C3H 

males were sterile at SOOrj while LAP^ males bred normally 

at llOOr, Strain dba apparently paralleled the G5H strain. 

In addition, two different inbred families and a hetero

geneous stock of guinea-pigs were entered in the experiments. 
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Th® Inbrede# identified as Pamilies S and ISj showed a striking 

difference In the lethal doae range with respect to deaths 

froffl anemia ®i,d throiabocytopenia# At a chronic exposure of 

8#8r/8hrs*/dayf th® cumulative lethal dose range for Family 2 

was froii 120Qt to ISOOr, For Family 131 it was from 1900r 

to SlOOr. The heterogeneous stock showed a lethal dose range 

of 700r to 4400r« Ho genetic interpretations were made by 

the authors5 however# it would seem that the heterogeneous 

animals presented a genetic situation wherein a broad range 

of genotypes was asrapled. On the other hand, the Inbreds 

not only showed a very narrow range within families» but also 

showed a faially difference in the lethal dose range, The 

effective isolation of two divergent genotypes was indicated. 

It is of interest to note that in the heterogeneous 

stock the 50 per cent death point was reached at a place 

where only about 20 per cent of the total dose range had 

been covered, that is, scxaewhere in the vicinity of 1400r. 

This indicated an extreme skewing of susceptible genotypes, 

and, considering that the criterion of death was anemia and 

thrombocytopenia, it partially confirmed the observation 

that the guinea-pig was highly susceptible to death from 

these causes# Only a small ntimber of animals were capable 

of offering any resistance to this species weakness. 

In this same report, a sex difference was noted by the 

authors. In the mice, the incidence of Induced lymphoid 

leukemia was nearly twice as high in the females as in the 
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males* Exact flares for this wer® not given, but it was 

stated that the inoldenee was 45 per cent In th@ f©mal®a at 

Its peak, with the exception of the highest dos® level of 

8«8r/day» At th© latt©3? dos®, the inoldenc© reached 70 per 

cent. 

Henshaw, ̂  al« (1947) also ©mplojad four mouse strains, 

Th®s® wereI CFl* ABG, Aj aid Cgg# The mice were exposed to 

either neutrons, gamma rajs, or beta particles. Both single 

and chronic exposure methods were used* The chronic exposure 

results indicated that strain ABC was more resistant than 

strain CFl. The IBG mice required a greater total exposure 

t© gamiaa rajs before their life span was shortened to the same 

degree as that of the CFl mice* Under a single exposure to 

fast neutrons, the ABC »ilee were more resistant to lethal 

effects# as well# Differential dosage relationships were not 

glTen, lo sex differences were observed with respect to 

weight loss, hematologic change, or shortening of life span 

under chronic exposure to ganma irradiation. The authors 

concluded that the strain differences were more a tnatter of 

degree than of type. 

In 1948, ISvans reported a studj on two strains of mice 

exposed to small daily doses of fast neutrons. Th© strains 

involved were CFl and Rockland Farms Swiss mice* Balanced 

nufflbers of males and females of each strain were used at each 

of four levels of chronic exposure* When the response was 

measured as a percentage of control survival for each strain. 
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th® CFl ale® were Mor© susceptible. At l.to/daj, they acetonu-

lated only 16̂  before they were reduced to a 37 per cent 

surflTftl^ while the Swiss mlo© accumulated between '?98n and 

23513. to be reduced to 49 per cent survival. 

However# when the jiaean survival time (MST) was used to 

measure response# no true strain difference existed, Th© 

CFl mice had a shorter MST at all dosage levels# but this in

cluded th® controls. ThuSf nomal CPl mice had an MST of 

4S0 day«t while at 0.0'7^/day It was 419 daya» and 168 days 

at It-te/day. These were reductions to 98 per cent and 40 per 

cent of their control# respectively# The Swiss mice had a 

normal 1ST of 475 days# 55 days longer than CFl mice. At 

0»07n/day ®nd l^-te/day# the Swiss mice were reduced to 443 

and 1306 days or 94 per cent and 45 per cent of their control. 

These compared very closely with the values in the CPl 

strain. As Ivans noted# a strain difference In fIST existed 

In the Irradiated laice# but it was entirely a function of a 

basic strain difference in the expected life span. 

In light of Eviais* findings# one can question the sliailar 

type of strain difference# observed by Henshaw# e;fc al, (1947), 

discussed above# 'yhe fact that the ABC mice required a greater 

total dosage of gamiaa radiation to have their life span 

shortened to a degree sltallar to CPl mice may well be due to 

a basic genetic difference in life expectancies. This is 

Indicated in data given by Sacher (1950)#«ho gave the life 

span of CFl mice as 425 days as coiapared to 538 days for the 
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ABC strain# In the reviewer*s oplnioni CFl mice may have 

b®«n ©xprtssing a non-speelfie respoas® to Irradiation In 

th© study reported by Hensaw# et al» 

Evans also observed a rather ©lear-cut sex difference in 

response. At 80r/day of x»TB.f , the males required 19 days 

and the females required 95 days- of exposure to reach the 50 

per cent mortality level. I^is was a difference of 480r on 

the cuwulfttiv© doeag® scale. 

In siTOiarlaing report of the hetnatologic effects of 

radiation# Jaoobson* Marks, and Iiorena (1949) brought out 

many sipilfleant genetic differences. For the most part, 

these were Inter-specifle difference® with respect to sensi

tivity to hematologic change, mortality, type of induced 

anemia, and rate of recovery. tTnfortunately, the only Intra-

speelflc or strain difference was confounded with sex dif

ferences. CPl feiaales were stated as more resistant to 

heiaatologlc alteration than strain A males, after Internal 

e.xpoaure to radium. 

Eohn (1950) described the genetic differentiation of 

four strains of rats in terms of their normal blood cholesterol 

levels. Two strains -war© classed as ''high" and two as "low", 

fhe differences were stated as resulting from chance Isola

tion during inbreeding, fh© strains Involved were: SD 

(Sprague-Dawley)} Oil (Osborne-Mendel-Vanderbllt)} TBH 

(fuablebrook hooded)| and H (Holtzmann). 

In 1961a, EO'hn reported the blood plasma changes In 
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tlies® 3?at strains following total body x-Irradiation, Basically 

the I«%o/go doaes wer®} Hf OM and SDi 730rj TBHi 650r» 

Changes in glucose, inopganic pliosphorous, and non-protein 

nitrogen were the aawe for all strains. A basic strain dif

ference In the normal glucose level was unaffected by radia

tion in strains SD ®nd 01# Blood chloride response was 

qualitatively .similar in the four strains# but definite 

quantitative differences appeared. All strains started at a 

level of 607-608 mgs. percent. After an Initial drop, a rise 

occurred at the second or third post-irradiation day which 

was followed by a sustained high te vel or plateau imtil about 

the tenth day. The exact time of return to normal level 

varied, to some degree, with the strain. The,precise strain 

differences in chloride response were measured by the height 

of the peak rise and the plateau level. In this respect, 

strain H was least affected, strains 01 and SD moderately 

affected, and strain 7BH was most affected. The degree of 

effect correlated well with the ID50 doses, Kohn considered 

the chloride shift an Integrative mechanlsiti that was a 

secondary syateiaie pfeg'siologic response, wherein most of the 

chloride passed to the plasma from. Intracellular sources. 

Estimates of total protein on strains H, DM, and SI> 

showed a drop after e3Q>osure while strain TBH rema,ined xjn-

affected. Albumin-globulin ratio changes were unreliable, 

whil© cholesterol response was the a&me In strains H and SD, 
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fh© lattei* rapresent *'high" and **101?" strains, but th© basic 

differenc® was not altered by irradiation. In no instances 

were sex differences observed. 

Kaplan and Paull (195S) reported a strain or genetic 

modification of response to spleen shielding in x-rayed mice# 

Using strain® A and C57# the authors ©ŝ osed three groups of 

alee in each strain. On© group was left intact, a second 

was sham-shieldedf and th© third had lead-shielded spleens. 

At 550r# th© mortality, in the Intact group, was 60 per cent 

in C57 nim md 75 per cent in I mice# Deaths began about 

five days earlier in the G57 strain. In both strains, sham-

shielding caused deathi to occur earlier, but their final 

mortality was th© same as for the intact controls. In the 

lead-ahieMed group®, per cent mortality occurred In C57 

wlce while no strain A mice died. Hlatologlc changes of the 

thymus, lymph nodes, and bone narrow were essentially the 

same for both strains. Th© shielded spleens, however, gave 

indication of cellular differences In response. The more 

effectively protected wlc®, strain A, showed a proliferation 

of hematopoietic tissue with little response of the lymphoid 

tissue. The CB7 mice responded with a proportionate increase 

in both lymphoid seid hematopoietic tissues. Thus, although 

both strains showed an increased cellularlty and splenic en

largement, there was a genetic difference In the specific 

response.' Th© authors suggest that the basic difference 
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laaj 11® In the lispoi»tance of tha spleen as a hematopoietic 

organ foi* the paptlcular strain involved. 

Lorenzi Congdon, and Uphoff (1959) studied the modifica

tion of the lethal effects of x-raj on mice, utilizing four 

different strains. The "values were stated as 650r 

fof hkŴ $ S60r for k, and 600t for strain No LDgQ 

value was given for strain Lt ĥe absolute lethal dose was 

900r for all strains, ^fhen a homologous bone raarrow suspen

sion was injected intra-venotasly 10-15 minutes after exposure 

to 900r, the aiortalitj was as followsj ^ centj 

CSll^f 30 per cents Ai 0 per cent; Ls 30 per cent. Intra

peritoneal injection gave these results| MPxf 25 per centj 

90 per cent; At 84 per centj Lt 40 per cent# The in

jection pathway was unliwportant in the LAFx and L mice* but 

It was definitely important in the other two strains which 

showed only a ralnor reduction from 100 per cent mortality. 

A eomparatlf® lag in red cell regeneration was considered 

basic to the greater mortality in the 03% mice after intra

peritoneal inoculation, fhe authors did not consider the 

genetic in^jli cat ions, but, ®inee the parental L and A strains 

were compared with the Fx hybrid, it appears that the favor

able regenerative capacity of strain L may be dominant in 

the F̂ . 

Kohn (1951a,b) discussed the theoretical implications 

of both inter- and intra-speclfic variation in response to 
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liradiatidn. He consldared that for a given tissue all mam

malian c«lli m&f show an ©quivalence of sensitivity to the 

priaiarj or direct effects of radiation. Gonetle differences 

in morphologic and physiologic response may b© entirely du© 

to the differences in sensitivity to secondary effects which 

a.ris6 from noural,, humoral# or other physiologic connections. 

Secondary effects usay ta® contiguous or distant to the primary 

effects, raay b® focal or systemic in nature, and need not b© 

considered as primarily deleterious. 

In view of th© discrete and consistent cellular effects 

of irradiation, as seen In the induction of lethal mutation 

in Drosophlla (I#©a, 1947), it Is not improbable that the 

priraarj effects are very sijillar in a broad range of animal 

cells* If ir© assume this to b® true, then it is logical to 

expect genetic differences in response to be of a secondary, 

and often systemic, nature, fhus, the individual's entire 

genotype can express its full potentialities in enhancing or 

inhibiting th© expected general response pattern after total 

body x-irradiation. 

Body Weight lesponse to Irradiation 

The major factor studied in this investigation has been 

the alteration of the nownal growth of mice, as measured by 

changes in body weight. A body weight loss is Invariably 

seen In mamaals after exposure to x-lrradiation, but the 
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d0gi»©« of loss will var-r with the species (Smith, W. 1. < et 

ale# 195S)# Weight losses and. growth Inhibitions are not 

only seen after ©sposur® to Ionizing radiations, but also 

after exposure to ultra-violet rajs (Blum, at al.» 1943)• 

The s«nsitivlty of th© weight response has rendered it 

an effectlTe m&na of studying the protective value of glu» 

tathlone in mie® after ©rooiure to x-raj (Chapiaan, ©t al., 

1950} Ghapsmn and Cronkitej 1950)• Furth, ©t al. (1952) 

also used the loss and regain of body weight in rats aa one 

criterion to measure the effectiveness of several anti

biotics in ooiabating radiation sickness. 

The severity and serious nature of losses in body weight 

after irradiation have also- caused it to be the subject of 

special investigation into physiological causation. For ex-

awple, Conard (1951) has examined the x-ray induced changes 

in intestinal motility of the rat, while Bennett, et al. 

(19S1) have investigated the rate of protein absorption on 

the x-rayed mouse. Basal raetabollsm of the rat following 

x-ray hs.s been investigated by Kirschner, Proaser, and 

Q,uastl®r (1949) and by Smith, B. K., et̂  al. (1951) in an 

attempt to correlate basic metabolic alterations with ob

served weight change. Thus, body weight changes would seem 

a simple measurement of expression based upon a broad complex 

of physiologic mechanisms. If genetic differentials exist, 

they should be expressive in this response. 
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Organ Weight lespons© to Irradiation 

Attempts to determine the effects of irradiation expres

sed as changes in organ weight have been sporadic. In 1946, 

Brues, Sach©r, atsd Franc© studied the organ weight changes in 

x-rayed rats after both single and chronic exposure# Most 

irisceral organs appeared resistant to change, except those 

primarily composed of a known radio«sensitlv® tissue. . The 

spleen, thyarais, Ijraph nodes, and testes showed atrophic 

changes and a loss in weight after chronic irradiation. 

Moderate single dose exposure only caused a transient weight 

loss in the spleen (Brecher, ©t al.. 1948J Ludewlg and 

Ghanutln, 1950| Carter, 1950| Orcmkite, Brecher, and 

Chapraanji 1951a) and in the teates (Sachenbrenner and Miller, 

1950)# The splenic weight loss occurred very rapidly, but 

recovery had set in by the tenth to fourteenth post-

irradiation day, errni in the lethal dose rang®. At twenty-

daya poat̂ lrradiatlon, all of the above authors noted that 

the spleen was near normal weight or showing aorae over

compensation » depending on the dosage used. Testes weight 

dropped off slowly and returned to nomal after about 10 to 

IS weeks in mice exposed to the mid-lethal dosage range, A 

time element 1® thus of prime importance in estimating weight 

changes in radio-sensitive organs. 

fhe heart, kidneys, and liver are considered as re

sistant organs (Bloom, 1948j lly, loss, and Gay, 1947), but 
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Ellloger (1945) listed the liver as sensltlv©. Of these or

gans# the heart 1® probably th® most resistant, as shown by 

hlstologieal study after local Irradiation at doses up to 

7500 roentgens In the rat (Leach and Sugiura, 1941, 1942), 

Th# liwr has been shown to resist direct weight change 

by Brecher, al.» (1948) in the mouse, but tudewig and 

Chanutin (1950) demonstrated a minor weight increase four 

days after easposur© in the rat* Th© weight was normal by the 

tenth day and beyond. A dosage near the I»DgQ level was used 

in these investigations# 

fhe kidneys also are resistant to weight change following 

total body Irradiation of the rat (Patt, et al»» 1947), A 

10 to SO per cent drop in body weight may occur after exposure 

to 6S0r and 900rf but a similar drop in kidney weight re

sulted in its weight per unit of body weight to remain un

affected, 'Ihis Inanitlonal type of change In organ weight 

was brought out by Brues, ©_t al, (1946) in chronically exposed 

rats. It was also pointed out In an investigation on rata 

given a single exposure by Bowers and Scott (1951), They 

noted that a depression In the weights of the visceral organs, 

that were otherwise considered as resistant to radiationj co

incided with th® post~irradiation period of anorexia. 

Aaamoff and Hoof® (1951) have atteiapted to determine the 

degree to which organ changes after'irradiation may be due to 

inanition In th© rat. Visceral organ weight changes are 
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apparently due to two factors; one, the direct and organ-

speeific Indlreet effects of the radiant energy, and, two# 

the sum total of the direct and Indirect effects that bring 

about a loss of total bodj weight smd an Inanitlonal loss of 

organ weight* 

fh© selection of th© specific organs studied In thla 

in-restlgatlon, as well aa the time or age factors involved, 

was largely detemined by the conditions of a previous study 

{Grahn, 1950). In this earlier study, a detailed examination 

of organ and body weights was made on six inbred mouse strains 

at a fixed age of 60 days# Consequently, this age was chosen 

to obtain the organ weights for the investigation to be re» 

pGPt©d» 

A twenty-day post-irradiation interval of growth was 

considered, on the basis of past findings in these niico, to 

be sufficient to permit genetic response differentials to 

b©eQm.e expressive* It was assumed that little change of 

aajor consequence would be apparent in the heart, kidneys# 

liver, and spleen weights, while testes weights would be de-

pressed# Actually, the primary hope was to determine if 

subtle organ changes had occxarred that had previously been 

overlooked. The earlier organ weight study by Grahn had 

demonstrated the ue© of biometrlcal analyses as a means of 

detenalning the less obvious organ and body weight variations. 
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MTMIALS AID SfETHODS 

Biological 

Tbe Bile® used in tMs study have been taken from six in-

b3?«d strains maintainsd at the Genetics Laboratory, Iowa Stat® 

Colleg## They all hav© h&&n Inbred, by brother-aister mat-

Ings, for at least 95 generations. 

S®l0etion of the mlc® has been done In a random manner# 

with the exception that obflously abnormal or imthrlftj ani

mals w@r© not included. All mice, at the outset of th® ex-

perlfflental period, were 40 3 days old. As ag® has been 

shown to b© ©ffectlir© in varying the starvlval of mice after 

x-irradiatlon (Quastler, 1945), It becomes neceasary to 

©liminat® the age variable when studying genetic variation. 

Body weights were taken at the ages of 40, 41, 4S, 45, 

50, 55, and 60 days# The 40-day irelghts are all pre-lrradia-

tioB initial weight®. The mice were irradiated within two 

hours after they were weighed. Between the times of weigh

ing, th© mic© were kept In the general mouse stock environ

ment, although they were set off in a semi-isolated f?roup. 

Pood and water were provided ad 1lbiturn. The body weights 

from 40 to 55 days of age. Inclusive, are live weights. 

The 60-day weight waa taken iTmaedlately after death, Th© 
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mlc® were killed on the 60th dajj by means of chloroform* after 

being fasted for 4-8 hours# This fasting Interval was suf

ficient to cause the elimination of most of the gastric con

tents, a.» well as a large portion of th© material in the small 

intestin®. As described by Grato (1950), this enhancea the 

accuracy of organjbodj weight relationships. 

After the 60-daf bodj wight was taken, the mice were 

dissected, and, in order, the testes, spleen, kidneys, liver, 

and heart were remo^red and placed in covered weighing dishes* 

These were then weighed In the order of removal. 

All of the weighing was don© on an analytical balance. 

Body weights were TOaaured to the nearest tenth of a gram, 

organ weights to th© nearest allligram, 

Th© mice were cheeked for deaths at least once each day 

during the post-irradlatlon period. Necropsies were done on 

those animals that were not in advanced stages of post-mortem 

degeneration. Unfortunately, most of the deaths occurred 

between midnight and seven in the morning, so that little 

necropsy material was of any value. It is worth noting, 

however, that the usual time of death coincides with the period 

of greatest physical activity In the mouse. 

When a mouse died prior to 60 days of age, the animal was 

replaced. Since every mouse had a litter-mate of the opposite 

s©3c which had been irradiated at the same time, the whole 

litter had to be replaced, in order to retain the litter-mate 
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coati*ol« At the doses of 0, S00> and 400r> deaths were 

either absent or negligible. At 800r, In, strain L, the death 

rat© of over 30 per cent undoubtedly created a biased pic

ture of this strain# No significant mortality occurred In 

the other strains at 0OOr» It should be kept In mind that 

the results of this investigation are upon the mice that sur

vived for twentj dajs after Irradiation. 

Physical 

The dosage levels used Tiere 0» 90» ^00, 400» and 800 

roentgens, as nieasiired in air by means of a "¥ictoreen'* dosi-

meter# fhe readings were made at a level equivalent to the 

central portion of the mouse*® body. 

For the irradiation, the mice were placed in a wooden 

frsme, which enclosed a circular space, one inch deep and 

6-l/S inches In dlaiaeter. This was floored by a removable 

wire screening of 1/4 by l/4 inch openings. Two layers of 

cellophane provided the top covering. Measurements of dosage 

were mad© over the screening to allow the back-scatter to be 

included in th© dose rate, lo more than 16 to 18 mice were 

irradiated at any one time in this frame. 

Th# radiation factors weret 98 pKV, 2 raa., with no 

filtration except that inherent in the glass wall of the 

tub®, fh® tube was an air-cooled Coolidge-type tube with 

a tungsten target, fhe distance from the target to the 
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nous® was S6»5 centimeters# Dose-rat® of the imchlne was *̂ ,̂5 

roentgens per 30 seconds• The exposure times for th® various 

doses weref SOrt 27 seondsf SOOrf 4 minutes, 97 seconds{ 400r} 

8 minutesf 54 aooondai 800rs 17 minutes, 48 seconds. 

Statistical 

A, balanced experimental design has been utlllzsed In order 

to best estimate th© effectiveness of the several variables 

that are involved. The 600 mice in this experiiuent are equally 

distributed among the six strains, five radiation levels* 

and th© two sexes# Each strain has 20 laic® at each dosage 

level, these tO animals being sampled from ten different 

litters. Two mice were taken from a litter, one male and 

one female. The lltter-raates were Irradiated at the same 

tiwe and at the saae dosage level. Care was taken to avoid 

irradiating more than on© lltter-pair of any one strain and 

dosage at the same time. In this way, the variation between 

litters, within a strain and dosage level, can be considered 

as random environmental variation. 

The experimental desigi is essentially a factorial type. 

With six strains and five dosage or treatment levels# there 

are 30 strain by treatment cells which are the crux of the 

experliftent. It is the variation among these that is due to 

differences in radiation response of the several strains. 

The general breakdown for the analysis is given in Table 1, 
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Inclu4@d are th® expectations of th® estimated mean squares 

or the linear coapon«nts of variation. These are composed of 

the different eomponents of the total variation and are used 

as algebrale equivalents of the respective mean squares. The 

methods are described bj Snedeeor (1946), 

Table 1» Breakdown for thB Statistical Analysis 

Source of variation df Ooraponenta of variation 

Between strains 5 E 4- 2L * lOPST + SOST 4- SOFS + lOOS 
Between treatments 4 M 2L • lOFST + 20ST + 60FT 4- 180T 
Stra.ln x treatment SO E 2L + lOPST + 90ST 
Between litters# 
within strain 
and treatment 970 1 -• 2L 

Between sexes 1 E 4> lOFST + SOFS 4" SOFT 4- 300F 
Sex X strain 5 E 4- lOPSf 4- SOPS 
sex X treatment 4 S + lOFST + SOFT 
Sex X strain x 
treatment 20 E + IDFS? 

Sex X litter# with
in strain and 
treatment 270 E 

599 

The components can be interpreted as follows! S is the 

variation due to strain differences* T is due to the differ

ences between the effects of the radiation levelŝ  and F is 

th© basic variation between sexes. The interaction terms are 

interpreted as arising from differential responses of either 
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the strains or sexes from on© dosag® level to the next, 

Th© component L# du© to variation between litters* and 

the CQjaponent If due to a sex by litter interaction, are both 

considered attributable to imcontrollable environmental varia

tion* The latter term# 1# has its biological basis in the 

random variation of individual sex differences that exist be

tween the Utter-mates which have been treated alike, Butler 

C1952} has show! that such wlthin-lltter sex differences, in 

body weight, are positively correlated with the body weight 

of the aale, That 1®, as the body weight increases, the sex 

difference will increase. The same effect is seen In these 

data. However, it if is assumed that the body weights are 

randomly distributed, then the Individual wlthin-lltter sex 

differences are very likely randomly distributed as well, 

fh® component, L, is due to various factors of the bio

logical environment, such as litter size, lactation number, 

and age of dam. It also Includes variation attributable to 

fluctuation In x-ray machine output, although this is prob

ably not a major effect. Fluctuations in the physical en

vironment, such as temperature, are also Included, 

All of these components can be expressed in terms of a 

percentage of total variation, such that, with a fixed scale, 

a Rwasur® of the relative importance of the different effects• 

•and Interactions can be observed. The general mathematical 

model, upon which this component analysis is based, is as 
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*13kl « U + "1 + tj + *t ^*  

• (ft)jl + 

whef# 'U » th© oirerall laeanj, 

i =s 1,2,..,6 • the strain®! 

J « 1,2,,,•& - the treatments, or dosage levels, 

k a 1,S,,,,10 - th© llttsrs per strain and dosage, 

1 w 1,2 • th® sex0B. 

In all of th® analyses, th© method of covarlano© Is used. 

For the bodj weights, the Initial or 40-day weight is held 

as th® independent variable* The 60-day body weight is the 

Independent -variate for analyzing th© organ weights. Since 

all of the mean squares'are adjusted to the estimated regres

sions Involved, two terms are added to th® above mathematical 

aodeli 

îjkl « « "t" «1 tj 4. {st)j.j +/3I(x3̂ JIĈ  îjk * H 

fh®̂  ̂is th© regression derived from the between-litter 

sowree, whlle/Sg is from the sex by litter Interaction. The 

mean squares for strain, treatment, and strain by treatment 

have been adjusted to the average between-lltter regression, 

in order to eliminate variation due to the independent vari

able. fh© mean squares for the sex effect and all the 
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Iritern-etlons with sex have been adjusted to the average regres

sion from th© sex by litter t©rm» The adjusted mean squares 

are used for estiaatlng th® components. The method of ad-

Justaeat ia given by Snedeeor C1946)* 

fwo major sets of ccsrrelations have been derived from 

these data In an effort to detertnlne the effects of irradia

tion upon the Integrating forces of the animal body. One set 

of correlations is obtained from th© between-Utter source 

and is an environsentally produced correlation. The other 

set is th© between-strain or phenotyplc correlation which 

measures th© degree of co-existence of two characteristics 

as seen from one strain to the next. As only six strains are 

Involved, the phenotyplc correlations are very susceptible to 

sampling variation. The trends or shifts of such correlation 

from one dosage level to th® next can be of value, however# 

Seneti® correlations, obtained from the estimated strain 

components of variance and covarlance, can also be determined, 

but they paralleled the phenotyplc correlations so completely 

that it is felt that the wethod is basically inadequate, 

Phenotyplc correlation® can be expected to shift \inder the 

effects of irradlatlcm, but similar shifts in the genetic 

correlations are not always logical, 

Between-strain and between-lltter Inter-organ correla

tions are also presented. These are given as first-order 

partial correlations, wherein the variation in body weight 

has been reraoved. All partial correlations have been derived 
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through tas® of Pearson's formulai 

v/a-4)<K,) • 

Standard errors for the means have been derived from 

th© b@tw©®n»litter mem squares. For the standard errors of 

the sex means# the between-lltter mean squares have been de

termined on a withln-sex basis. Tests of significance are 

largely limited to **t** tests of the differences between con

trol and treatment means# The method used is described by 

Wlsh&rt {19S0). 

As the data taken in this Investigation Involve growth 

in body weight. It has been found that a transformation of 

the observed values to their common logarithmic equivalents 

is justified. This tends to eliminate the metrical bias 

that exists where the mean and the variance are positively 

correlated. Invariably# the heavy strains will show greater 

variation among their individual observations. This feature 

laiplio® that the weight differences are multiplicative and 

basically due to differences In rate of growth. The log-

arithralc transfom«,tion la consistent with this assiunption 

and acts to create a more uniform range of variation, 

The organ weight data has been sirailarly transformed, 

as in a previous study on these mice (Grahn, 1950). It was 

pointed out, then, that this permits the orgars weight analysis 
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to be considered as a study in relative growth# as outlined 

by Huxley (1932). 

Mditioaal features of the analysis will be brought up 

with the presentatioin of results* wherein specific details 

can "be more elearlj explained.. 
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RESULTS OF IMVESTIGATION 

Body Weight 

Before pointing out the major findings of interest, the 

statistical approach should be described. The results of an 

analysis of variance of the observed body weights indicated 

that very little of the variation in body weight could be 

attributed to the effects of the irradiation. Simple ob

servation of the data does not bear this out. The crux of 

this problem lies in the small amoiint of sampling variation 

that exists among the five dosage means at 40 days of age, 

I'he mean initial weight for the 800r sample is 16.8 grams, 

while that for the control group is 16.0 grams. One day 

after exposure, the 800r mice have lost about 0.6 grams, 

while the controls have gained about 0.3 grams, yielding 

weights of 16.2 and 16.3 grams for the 800r and Or groups, 

respectively. Obviously, the statistical result would 

Indicate a greater effect of irradiation before the mice 

were even irradiated. 

The above situation, however, points out that it is the 

amount of weight gain or loss that is the sensitive criterion 

of radiation effects. Two approaches can be made, each pro

viding supplementary Information to the other. In both 
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analysssj th® initial weight is held as the independent vari

able. If the dependent variable Is the post-irradiation 

weight., then# with two ©xceptionsj the results are identical 

to those attained by tising the weight change from initial 

weight as th© dependent variable# 

Th© exceptions to this sifflllarlty are in the regressions 

and correlations derived from the analyses. The regressions 

and correlations of weight on weight are always positive, are 

initially highj and progressively decline toward zero with 

increasing ag®» 'fhe regressions and correlations of weight 

Chang© on-weight are negative# initially low# and progres

sively rise toward minus on© with increasing ag«» The adjust

ment of the body weight to a constant initial weight can be 

determined directly from the regression of weight on weight. 

If the weight change is adjusted# then added to the constant 

initial weight# the results are the same as for the direct 

adjustment of the body weight. 

At Most age levels# the regressions within each dosage 

level are significantly different. As a result# the indi

vidual regressions for each dose and age level are used for 

adjustment of th© body weight means# a procedure that succeeds 

in removing th© sampling variation in the initial weights. 

Over-all radiation response 

Ixaaination of th® data in ''̂ able S and Figure 1 shows 
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Table S, Over-all Body Weight Means? Adjusted to 
th© 40»day Weight 

Dos® Ag@ Mean S.B. Mean̂  Weight change® 
days log grams grams per cent 

im 40 1*210 +.003 16. 

Or 41 1.217 4-.001 16.48 +0.26 +1.6 
49 i.S93 +.002 16.71 +0.49 +3.0 
4S 1.346 +.002 17.62 +1.40 +8.6 
50 1.276 +.002 18.88 +2,66 +16.4 
55 1.298 ¥.oot 19.86 +3.64 +22.4 
60 1.302 +.00S 20.04 +3.82 +23.6 

SOr 41 i.no +.001 16.22 0.00 0.0 
42 1.217 +.00S 16.48 +0.26 + 1.6 
4S 1.242 +.002 17.46 +1.24 + 7.6 
50 1.S74 +.002 18.79 +2.57 +15.8 
55 1.299 ±*005 lt#91 +3.69 +22.7 
60 1.S02 +.003 20.04 +3.82 +23.6 

200r 41 i.sos , +.001 15.92 -0.30 - 1.8 
42 i.eo7 • +.00S 16.11 -0.11 - 0.7 
45 1.9S3 +.009 17.10 +0.88 + 5.4 
50 1.S63 +.003 18.32 +2.10 +12.9 
55 1.389 +.004 19.45 +3.23 +19. 9 
60 1.S95 +.004 19,63 +3.41 +21.0 

400r 41 1.197 +.001 15.74 <•0.48 - 3.0 
42 1.195 +.00S 15.67 —0.55 - 3.4 
45 i.m +.002 16.37 +0.15 + 0.9 
50 l,S53 +,00'2 17.91 +1.69 +10.4 
55 1.382 +.003 19.14 +2.92 +18.0 
60 1,S89 +.003 19.45 +3.23 +19.9 

800r 41 1.195 +.001 15.67 -0.55 - 3.4 
42 1.184 +.002 15.28 -0.94 - 5.8 
45 1.185 +.003 15.31 -0.91 - 5.6 
50 1.̂ 5 +.003 15.96 -0.26 - 1.6 
55 1,SS4 +.004 16.75 +0.53 + 3.3 
60 1.248 +.004 17.46 +1.24 + 7.6 

n̂tllog of rmm logaritliia in coluam 3» 

M̂eaaursd from th© 40-day weight, coltram 5. 

#IW » piJ'Q-irradlation mean Initial weight for all mice. 
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Figure 1, Over-all body w8ici;ht means (upper); regression of 
welfrfyt change on dose (lower). All values ad-
j'lsted to a oonatant 40-da7 weight# 
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that a "body weight 3?espons© exists, ®ven at th© lowest 

exposwe level of SOr# A series of sî iflcance tests on the 

differences b@tw®n the control and '̂ Or means and the control 

and 900r ra®an», at each of th® ag® levels, ar© given in Table 3. 

Table 3. Significance of the Differences Between Adjusted 
Body Weight Means? 0-90r# O-SOOr# 

m 
m lean differ

ence Clog) 
•̂®*dlff. t P level# 

0:39£. 

41 •0077 +.0018 4.18 <.0001 
m .0067 £.0025 2.64 .008 
45 •0059 y.ooss 1.36 .17 
50 • 0026 +,0037 0.72 .47 
55 •0004 +.0043 0.10 .92 
60 •0007 +.0045 0.15 .88 

P,=,EQ9l. 

41 •0154 +•0018 8.36 <.0001 
42 •0166 +•0025 6.52 <.0001 
m .0136 +.0028 4.79 <.0001 
50 • 0128 +.0037 3.47 .0006 
55 •0096 +.0043 2.23 .026 
60 •0090 +.0045 1.99 .047 

"̂ 238 degrees of freedom. 

For th® first 48 hours after exposure, a dose of 20r can 

be expected to create a significant weight response in 40-day-

old mice, Bejond that point, the differences are well within 

tho limits of random deviation. The differences between the 
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Or and fJOO r means ar® always significant. 

The correlation b®tw@@n the adjusted means and the dosage 

of radiation is always high. The greatest degree of linearity 

of this relationship is seen at 4S and 50 days of age. When 

adjusted means are used# the oorrelatlons and regressions that 

are derived are the game for either body weight or weight 

ehange# The presentation is in terms of weight change, as 

this is a more sensitive !!»asure without prior statistical 

adjustments# ™he use of unadjusted mean weight changes gives 

correlations that are not significantly different from those 

derived from adjusted values# The use of unadjusted body 

weightst however, because of sampling variation, may even 

yield positive correlations with dosage, when in actuality, 

the response is negatively correlated with dose to a nearly 

perfect degree. 

Table 4, Regressions and Correlations of Weight Change 
with Dosage, Ov©r»all Means, 

Interval Regression Correlation P levels?-
days per roentgen 

40-41 -•0000S46/mouse -,870 ,10-,05 
40-49 •,0000463/mouse -,969 ,01-.001 
40-45 -.0000764/mouso -,998 <,001 
40-50 -•0000886/mouse -.982 ,01-.001 
40—55 — ,0000905/HIOUS® -,961 ,01-,001 
40-60 -.0000718/wouse -.956 ,02-,01 

#S degrees of freedom. 
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flie regressions of weight change on dosage and their 

aecompsnyinp correlations are presented in Tabl® 4, Thes® 

data will to® dlacassed in more detail in a later section, since 

thej will be -used in an ©mplrleal procedure designed to de

termine the relative resistance levels of the six strains used 

In this study. 

Radiation reaponae bv 

Jk small difference In weight response of the two sexes 

exists» If the data for the males (Table 5 and Figure 2) is 

compared with that for the females (Table 6 and Figure 3)» 

the females show a more complete recovery from weight loss. 

By the 15th day after exposure, there is little or no differ

ence between the female body weights at the control, SOr, 

and 900r levels, while in the sales, only the control and 20r 

mice have cowrerged by the 15th day* Initially, the effect 

in the two sexes is nearly the sa»e, but this similarity Is 

gone by the fifth post-lrradlatlon day. 

If one looks at the actual weight changes given in Tables 

5 and 6, the fesnales consistently present a greater loss than 

the males in both absolute and relative terms. However, this 

apparent paradox is resolved by the fact that the females 

have a strikingly lower total gain at 60 days, 20 per cent of 

the Initial weight as compared to 2B per cent in the males. 

This fact completely counterbalances the slightly greater 
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Tabl© 5, Malea - Body Weight Means; Adjusted 
to the 40-daj WeigW:. 

Dos© 4:g® 
dajs 

Mean 
log 

S.S, Meanl 
grams 

Weight changê  
grams per cent 

im 40 1*̂ 34 +,004 17,14 

Or 41 1.942 +.002 17,46 +0,39 + 1,9 
4g 1,251 •f.OOS 17,89 +0,68 + 4.0 
45 l.,278 t.002 18,97 +1,83 +10.7 
50 1,310 +,003 20,49 +3,98 +19,1 
55 1,334 +•003 91,58 +4,44 +95,9 
60 1.340 ±,002 91,88 +4,74 +97.7 

20r 41 i.ase +,00S 17,99 +0,08 + 0.5 
42 l.̂ ?43 +,009 17,50 +0,36 + 9.1 
45 1,272 +,002 18,71 +1,57 + 9.9 
50 1,306 ?,005 90,93 +3,09 +18.0 
5S 1,334 +,004 91,58 +4,44 +95.9 
60 1,338 +,004 91,78 +4,64 +97.1 

SOOr 41 1,2m + ,002 16,90 ~0,94 - 1.4 
42 1,S3S +,00S 17,06 -0,08 - 0.5 
45 1,260 +,009 18,90 +1,06 + 6.9 
50 1,390 ±.005 19,50 +9,36 +13,8 
55 1,317 +,006 90,75 +3,61 +91,1 
60 i,3n +,006 90,94 +3,80 +99,9 

400r 41 1,222 +,002 16.67 -0,47 - 9.7 
42 1,222 +•003 16,67 -0,47 - 9.7 
45 1,943 +.003 17,50 +0,36 + 9.1 
50 1.S84 +.003 19,93 +9,09 +19,9 
55 1,314 +.003 20,61 +3,47 +90,9 
60 l.SSS +.003 20,99 +3,85 +99,5 

800r 41 1,S91 +.008 16,63 -0,51 - 3,0 
m 1,210 +.00S 16,99 -0.99 - 5,4 
45 1,211 +.003 16,96 -0.88 - 5,1 
50 1,S31 +.004 17,09 -0,19 - 0,7 
55 1.S51 +,004 17,89 +0,68 + 4,0 
60 1,268 +.005 18,54 +1,40 + 8,9 

Ântilog of man logarlth - coluam 3. 
s 
Measured from the 40-daj weight - column 5. 

= pre-irradiatlon mean initial weight for all males. 
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Plp:ure 2, Male body welpiht meana (upper) | regression of vjelght 
cliflnf^© on dose (lower)# All values adjusted to a 
constant 40-day we if,tit • 
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fable 6, Pemales • Body Weight Means| Adjusted 
to th© 40-day Weight, 

IIIIMIIHI .luniniiiiii •muu r. iiaagagdlBa 

Dos# Age leffin S.B, leaiâ  Weight changê  
days lo« OTQias jsirama per cent 

IW# 40 U1B6 +•004 15.35 

Or 41 1.193 t-001 15,60 +0,95 + 1.6 
42 1,196 +. 00 s 15,70 +0.35 + 9.3 
45 1,214 +.002 16,37 +1.09 + 6,6 
50 1.242 +•003 17.40 +9.11 +13.7 
55 1.964 +.003 13,37 +3.09 +19.7 
60 1,265 +.003 18.41 +3,06 +19. 9 

90l* 41 1.183 •4".00S 1S.S4 -0.11 - 0.7 
4S 1.190 ¥.003 15.49 +0.14 + 0.9 
45 1.21S +.00S 16.29 +0.94 + 6.1 
50 1.941 +.003 17.42 +9.07 +13.5 
55 1.364 +.003 18.37 +3.09 +19.7 
60 1,S65 7,003 18.41 +3.06 +19,9 

2003* 41 1.176 4̂ .002 15.00 -0,35 - 2.3 
42 1.182 +•003 15,21 -0,14 - 0,9 
4S 1.206 +•.003 16.07 +0,79 + 4.7 
50 1.238 +.003 17.30 +1,95 +19.7 
55. 1.263 ¥.003 18.32 +9,97 +19.3 
60 1.267 1*003 18.49 +3.14 +90, 5 

400r 41 1.173 +.001 14.86 -0.49 - 3.9 
4S 1.168 +.002 14.79 -0,63 - 4.1 
45 1.186 ±•002 15,35 0.00 0.0 
50 i.m ¥.003 16.63 +1.98 + 8.3 
55 1.949 ¥.003 17.74 -i-s.sg +15.6 
60 1.S57 ¥.003 18,07 +9.79 +17.7 

QOOT 41 1,169 +.009 14,76 -0.59 - 3.8 
42 1.15§ i*002 14,49 -0.93 - 6,1 
45 1.159 ¥.003 14.49 -0.93 - 6.1 
50 1,177 ¥.004 15.03 -0.39 - 9.1 
SB 1.197 +.00S 15,74 +0,39 + 9,5 
60 1,S17 +.005 16,48 +1.13 + 7.4 

AAntllog of''TOan logarithro coltiinn 3. 

Measured tTom the 40»day weight - column 5, 

#IW =s Pre-iwadiation mean initial weight for all females# 
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losses sustained hj the females, since these losses are leas 

sever© with respeet to their normal weight. For example, ten 

dajs after exposure to 800r# the males are 3.40 grams below 

their controls, but the females are only 2.43 grams below their 

controls. In addition, by twenty days after exposure, the 

females are 1,13 grams over their starting weight as compared 

to 1,40 grams for the males? however, the latter are still 

3,34 grams, or 70 per cent, below the normal gain, while the 

females are only 1,93 grams, or 63 per cent, below their normal 

gain, 

fable 7, Hegressions of Weight Change on Dosage by Sex 

Weight Chang® 
interval 
days 

Regressions per r per mouse Weight Chang® 
interval 
days Male Female 

40-41 -,0000242 -,0000246 
40-4S -,0000478 -,0000444 
40-45 -.0000819 -,0000701 
40-50 -.0000948 -,0000815 
40-55 -.0000992 -,0000820 
40-60 -,0000852 -,0000593 

fhe female regressions of weight change on dosage are, 

with on© exception, lower than those of the male a, A. compari

son of these regressions is given in Table 7, 

Only at the first post-irradiation interval does the male 

show a lower regression than the female. The differences 
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b®tw©0n the two regreasiona are oever statistically signifi

cant, but the consistency of th@ diffarenc® would bolster the 

asstiaption that the female Is slightly more resistant to 

weight Chang#, at least, on a roentgen by roentgen basis. 

The importance of th© expected normal gain in weight is demon

strated in this comparison, as it constitutes one of the 

point® on the regression# Ignorance of the control gain could 

lead to the assumption that the male can more effectively re

sist the irradiation. 

Badiation response by atrain 

Strain RX, This strain is characterised by its rather 

high resistance to weight change. As seen in Table 8 and 

Figure 4, only th® SOOr mice continue to show a depression 

below th© normal at 60-days of age. In addition, a very 

definite and rapid recovery sets In at all doses by the second 

post-irradiation day at th© latest. 

Strain The data In fable 9 and Figure 5 relate a 

comparatively more extended response, particularly at SOOr. 

However, this strain also shows a rapid recovery, but in a 

different manner than strain HI. The latter strain has a 

consistent, progressive recovery at SOOr, while the Z mice 

show a very sudden regain of weight loss between the tenth 

and fifteenth post-irradiation days. 

Strain S, The S mice are another relatively resistant 

group of animals. This strain is more uniform in its response 
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Table 8. Strain RI - Body • ieight Means; Adjusted 
to the 40-'day Wei, ght. 

Dose A.g® lean S.E, Weight Changê  
days log grams grams per cent 

IWf 40 l,a99 +.010 19,91 

Or 41 1.307 +,00f! 90,90 +0.37 + 1,9 
42 1.316 +,003 SO, 70 +0.79 + 4,0 
45 1,536 +,005 21,68 +1.77 + 8,9 
50 1,368 +.005 23,33 +3.42 +17.2 
55 1.385 +,005 24,97 +4. 36 +21.9 
60 1.390 +.003 24,55 +4.64 +23.3 

20r 41 1.298 +.003 19.86 -0.05 — 0,3 
42 1,304 +•003 20.14 +0.23 + 1,2 
45 1,333 +.003 21.53 +1.62 + 8,1 
50 1.365 +,004 93,17 +3. 26 +16,4 
55 1,386 +,003 24,32 +4 . 41 +22,1 
60 1.397 +,004 24,95 +5.04 +25,3 

200r 41 1.294 +,004 19,68 -0.23 - 1.2 
42 1,996 +.006 19,77 •0,14 - 0,7 
45 1,336 +,003 21.68 +1,77 + 8,9 
50 1.358 +,004 2'>„B0 +2,89 +14,5 
55 1,384 +,003 24,21 +4. 30 +21,6 
60 1,396 +.005 24, 89 +4,98 +25,0 

400r 41 1.S91 +,009 19,54 -0,37 - 1,9 
4S 1.287 +.002 19,36 -0,55 - 2,8 
45 1,310 r,004 20.42 +0,51 + 2,6 
SO 1,351 +,004 22,44 +2,53 +12,7 
55 1,378 +,004 23, 88 +3,97 +19,9 
60 1,383 004 24,15 +4.24 +21, 3 

800r 41 1,899 +.003 19,59 -0.32 - 1,6 
42 1,274 +.005 18,74 -1,17 - 5,9 
45 1,?389 +,005 19,45 -0,46 - 2,3 
50 1,319 +.005 20,84 +0,93 + 4,7 
55 1.346 +.007 22,18 +2.27 +11,4 
60 1,367 +.007 23,28 +3,37 +16,9 

Xtotliog of Man'' loga in coliam 3, 
o 
Measured frora tl» 40'«>day wight - coltunn 5, 

#IW a Pre-irradiation mean initial weight for all RI mice. 
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Table 9, Strain Z • Body Weight Means? Adjusted 
to th® 40-daj Weight. 

BOB# Age Mean S.S. MEAN^ Weight change" 
days log grama grams per cent 

IL» 40 1.956 "T*. 008 17.22 

Or 41 1.2S1 17.82 +0.60 + 3.5 
4A 1.S54 7.005 17.95 +0.73 + 4.2 
45 1.S69 ••004 18.58 +1.36 + 7.9 
50 1.996 T.006 19.77 +2.55 +14.8 
55 1-.304 20.14 +2.92 +17.0 
60 1.308 +.005 20.39 +3.10 +18.0 

SOr 41 1.SS7 +.004 17.26 +0,04 + 0.2 
42 1,.S42 +.005 17.46 +0,24 + 1.4 
45 1.261 +•005 18.24 +1. 02 + 5.9 
50 1.294 +.005 19.68 +2. 46 +14.3 
55 1.3S0 +.005 90.89 +3.67 +21.3 
60 1.S20 +.00S 20.89 +3.67 +21.3 

SOOr 41 I.M +.005 16.71 -0.51 - 3.0 
42 1.S26 +.006 16,83 •0.39 — 9.3 
45 1,248 ±•006 17.70 +0.48 + 2.8 
SO 1.28S +•009 19.28 +9.06 +12.0 
55 1.315 +.013 20.65 +3.43 +19.9 
60 1.308 +.013 20.32 +3.10 +18.0 

400r 41 1.2S1 +.003 16.63 -0.59 - 3.4 
4S 1.SS4 +.003 16.75 -0.47 - 9.7 
45 1.943 +.004 17.50 +0.28 + 1.6 
50 1.273 +.003 18.75 +1.53 + 8.9 
55 1.3P4 +.004 90.14 +2.99 +17.0 
60 1.310 +•004 20 *49 +3.20 +18.6 

SGOr 41 1.219 +.004 16.56 -0.66 - 3.8 
43 1.S14 +.004 16.37 -0.85 - 4.9 
45 1.219 +•008 16.56 —0. 66 - 3.8 
50 +.006 16.87 -0.35 - 2.0 
55 1,274 +•006 18.79 +1.57 + 9.1 
60 1.299 +.005 19.59 +9.37 +13.8 

1 Antllog of mean logarithm in coVmm 3» 

Îtoaaiired from th@ 40-day weight - coluian 5» 

=5 Pre-lrradlatlon mean initial weight for all Z mice. 
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CTable 10 and Figure 6), However, by th© tenth day ©fter ex-

posur«j th» only mlc© showing a continued reaction are those 

at 800r« Her®, as In strain RI, th© recovery is progressive 

and steady. In all three of these strains (HI, Z, and S), 

body weight recovery has set in by the second day after ex

posure, at the latest. By 60 days of age, at 800r, the Z 

mice are only 94 per cent below the control gain, the RI mice 

are 27 per cent below, and the S laice 36 per cent below the 

control# An equivalence of gain at SOOr in th© S and Z mice, 

2*4 graas, is a more favorable quantity in strain Z which has 

the saa3.1«r normal rate of gain. 

Strain E» Table 11 md Figure T present the data on 

strain E. A somewhat more severe response is indicated. At 

all exposure le'rels# the mice remain depressed below the 

noMial, lecovery in the 800r mice is delayed until the 45th 

day of age, fhes© nice show a maxiinnim loss at SOOr that is 

similar to strain S| however, a difference in the rate of 

loss exists. The S alee lose 0.67 grams in two days, while 

the 1 mice lose 0,72 grams over the first five days, 

Strain S, In addition, shows the greatest proportionate 

normal weight gain, 31 per cent of the initial weight by 60 

day® of age, Iven though the RI aic® have a higher absolute 

gain, 4.64 grams to the 4.16 grams in ,the E mice, it only 

constitutes a gain of 23 per cent of their initial weight. 

Strain This strain is decidedly more susceptible to 

a weight loss following x«irradiation. Table 1̂ 3 and Figure 8 
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fabl® 10» Strain S » Bo4y Weight fleans} Adjusted 
to the 40-day Weight. 

Dos® Ag® Mean S.B. M®an̂  Weight 
'T  ̂
change 

days log grams grama per cent 

IW# 40 laM .̂009 15,63 

Or 41 1.196 +.005 15.70 +0.07 + 0.4 
42 1.907 ?.010 16.11 +0.48 + 3.1 
45 1.SS6 ¥.007 17.18 +1.55 + 9.9 
50 1.262 7.007 18.28 +2. 65 +17.0 
55 1.286 +.007 19.32 +3.69 +23.6 
60 1.287 +.009 19.36 +3.73 +23.9 

20r 41 1.195 •••.002 15.67 +0.04 + 0.3 
m 1.202 ¥.006 15.92 +0.29 + 1.9 
45 1.232 +.003 17.06 +1.43 + 9.1 
50 1.262 +.003 18.28 +2.65 +17.0 
SS 1.292 +.003 19.59 +3.96 +25.3 
60 1.290 t.007 19.50 +3.87 +24.8 

soor 41 1.189 +.004 15.45 -0.18 - 1.2 
42 1.192 +.005 15.56 -0.07 — 0.4 
46 1.222 +.007 16.67 +1.04 + 6.7 
60 1.204 +.006 18.37 +2.74 +17.5 
S5 1.̂ 9 +.006 19.45 +3. 82 +24.4 
60 1.290 +.006 19.50 +3.87 +24.8 

400r 41 1.187 +.004 15.38 -0.25 - 1.6 
42 1.188 +.005 15.42 -0.21 - 1.3 
45 1.209 +.006 16.18 +0.55 + 3.5 
50 1.2S5 +•003 17.99 +2.36 +15.1 
55 1.286 +.005 19.32 +3.69 +23.6 
60 1.291 +.003 19.54 +3.91 +25.0 

SOOr 41 1.181 +.004 15.17 -0.46 - 2.9 
42 1.17S +.005 14.96 -0.67 - 4.3 
45 1.183 +.004 15.24 -0.39 - 2.5 
50 1.209 +.004 16.18 +0.55 + 3.5 
55 1.936 +.004 17.22 +1.59 +10.2 
60 1.256 +.004 18.03 +2.40 +15.4 

ÂntllO'g of Hie an logarithisj in coltinsi 3« 
o 
MeasTired from 40-day weight - eoltaaai 5, 

#11 » Prt-irradiation imm initial weight for all S mice. 
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fafel© 11. Strain E • Body Walght Means; Adjusted 
to ̂ th® 40-day Weight# 

I>0®» Ag® Mean S.l. Mean̂  Weight changê  
days log grams grams per cent 

IW'ft 40 1.11̂ 6 +.009 13.34 

Or 41 i.m +.004 13.52 +0.13 + 1.3 
42 las? +.005 13.71 +0.37 + 9.8 
45 1*163 +.006 14.79 +1.38 +10.3 
BO 1.197 +.006 15.74 +S, 40 +13.0 
55 l,m +.007 16.90 +3.56 +96.7 
60 1,̂ 43 +.006 17.50 +4.16 +31. 9 

20t 41 1.1̂ ?4 +.004 13.30 -0.04 — 0.3 
4S 1.133 +.005 13.58 +0.'̂ 4 + i.a 
45 1.163 +.006 14.55 +1.21 + 9.1 
50 1.199 +.008 15.81 +2.47 +18.5 
55 um& +.010 16.79 +3.45 +95.9 
60 1,S30 +.009 16.98 +3.64 +97.3 

gOOr 41 1.123 +.003 13.27 -0.07 - 0.5 
42 1.130 +•002 13.49 +0.15 + 1.1 
45 1.158 +.006 14.39 +1.05 + 7.9 
50 1.191 +.007 15.52 +9,18 +16. 3 
55 1.S93 +.007 16.71 +3.37 +95. 3 
60 1.S32 ±•007 17.06 +3.79 +97.9 

400r 41 1.113 +.004 19.97 -0.37 - 9.0 
42 1.110 + . 00 4 12.88 -0.46 - 3.4 
45 1,1S9 +.007 13.46 +0.19 + 0.9 
SO , 1.17S +.008 14.86 +1.59 +11.4 
55 1.S09 +.009 16.18 +9.34 +91,3 
60 1.319 + .009 16.56 +3.99 +94.1 

800r 41 1.109 +.003 13 .05 -0.49 - 3.7 
42 1.104 +.005 19.71 -0.63 - 4.7 
45 1.101 +.007 19.62 -0.79 - 5.4 
60 1.134 +.008 13.61 +0.97 + 9.0 
55 1.167 + .011 14.69 +1.35 +10.1 
60 1.177 +.012 15.03 +1.69 +19.7 

•  . •  T T i n ,  I I '  

tetilog of mean logarithm in coliMn 3# 

M̂easured from the 40-daj weight - column 5. 

#IW =» Pr©«ii»j*adiatlon mean initial weight for all E mice. 
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fabl® Strain I« - Body Weight Means} Adjusted 
to the 40-day Weight, 

Doa® Age 
days 

lean 
lOff o 

S,l. Meaijl 
grama 

Weight 
grass 

cĥ gô  
per cent 

im 40 1,191 t,007 15,52 

Or 41 ia95 +,00S 15 67 +0.15 + 1.0 
42 1.196 4-, 009 15 70 +0.18 + 1.2 
45 l.SSO 1.002 16 60 +1.08 + 7.0 
50 1,255 +,004 17 99 +2,47 +15.9 
5S 1.277 +.004 18 92 +3,40 +21.9 
60 1.S79 £.006 19 01 +3,49 +22.5 

20t 41 lass +.004 15 56 +0.04 + 0.3 
4S 1«S04 •+•,004 16 00 +0.48 + 3.1 
45 1,225 ?,005 16 79 +1,27 + 8.2 
SO 1.S56 +•004 18 03 +2, 51 +16.2 
55 1̂  S8S ¥.005 19 19 +3, 67 +23.6 
60 1.283 ?,004 mm 19 19 +3.67 +23. 6 

SOOr 41 l.lSl +.004 15 17 -0.35 - 2.3 
49 1.187 +,005 15 38 -0.14 - 0.9 
45 1,308 +.007 16 14 +0.62 + 4.0 
50 1.935 +.013 17 18 +1, 66 +10.7 
55 1,258 +.012 18 11 +2.59 +16.7 
60 1.S6S +.013 18 32 +2,80 +18.0 

400r 41 1,175 +.004 14 96 -0.56 - 3.6 
43 1,172 +,002 14 se -0,66 — 4.3 
45 1,191 +,004 16 52 0.00 0.0 
50 1, 930 +,007 16 98 +1.46 + 9.4 
55 1.254 +.009 17 95 +2, 43 +15.7 
60 1.S71 +.010 18 66 +3.14 +20.2 

8003? 41 1,169 +.004 14 76 -0.76 - 4,9 
42 1,158 +.004 14 39 *1.13 - 7,3 
45 1,160 +.007 14 45 -1.07 — 6,9 
50 1,177 +.005 15 03 -0.49 — 3,2 
55 1,187 +.015 15 38 -0.14 - 0,9 
60 1,305 +.012 16 03 +0.51 + 3,3 

1 
*Antilog of mean logarithm in coluim 3. 

Tfeasured froa the 40-day weight • colvrnm 5, 

» Pre-iwadlatlon mean initial weight for all L mice* 
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indicftt® that̂  ®xe®pttog the 20t group* the '̂ 00r» 400r and 

800r mie® are considerably depressed In their growth. Re» 

eovery sets in*, ©-^en at 800r# as early as 42 days of age, but 

th® rat® of regain is very slow. Thus, toy 60 days of ag®, the 

800r mlee ar® only 0»51 grams aboT® the initial weight. This 

eonstltiates an 85 per e^ent depression from the normal gain of 

th« eontrols, Conparatively, the K strain, at 800r, is 59 per 

e#nt below the ©xpeeted normal gain. 

Sine# th© Ii mice har® a considerably lower control rat© 

of gain,, they are not .as sewrely affected as are the E mice 

at the lower doses# At 400r, 60 days of age, this is clearly 

brought out. The £ alee haire attained 90 per cent of their 

expected noraal gain, while the E mice have only gained 77 per 

cent of their normal. Both strains have an absolute gain of 

about S,S grams at this dose and age level. The greater sus-

eeptlblllty of th© I» strain lies In the 0OOr response, not 

only through greater absolute and relative losses, but also 

because of a slower rate of recovery. 

Strain Ba, Theaie nice are unquestionably the most sus

ceptible to weight loss# At all exposure levels, they are 

consistently retarded in their growth (Table 13 and Figure 

9), The most striking difference from the other strains lies 

in th® 800r level, Th© Ba mice continue to lose weight 

through the first 15 days after exposure, a.s compared to the 

usual two days in the other strains. Even though recovery 

sets in between the 55th and 60th days of age, they still 
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Table 13* Strain Ba - Body Weight Means; Adjusted 
to th© 40-daj Weight. 

Boss Ag@ 
days 

M©au 
log 

S.E. Mean̂  
grams 

Weight 
grams 

changê  
per cent 

IW« 40 1.S14 ±•007 16.37 

Or 41 1.291 +.002 16.63 +0.26 + 1.6 
42 1.331 +.003 17.02 +0.65 + 4.0 
45 1.951 +.003 17.82 +1. 45 + 8.9 
SO 1.280 +.005 19.05 +2.68 +16.4 
55 1.305 +•005 20.09 +3.72 +22.7 
60 1.300 +.005 19.95 

t 
+3.58 +21.9 

SOr 41 1»212 +.00S 16.29 -0.08 - 0.5 
42 1.814 +.006 16,37 0.00 0.0 
45 1.238 +.007 17.30 +0.93 + 5.7 
50 1.S65 +.008 18.41 +2 .04 +12.5 
55 1.386 +.010 19.32 +2.95 +18.0 
60 1.289 +.011 19.45 +3,08 +18.8 

?300r 41 1.900 +.002 15.85 -0.52 - 3.2 
4S i,5;o3 +.003 15.96 —0 . 41 - 2.5 
45 1.29,6 +.004 16.83 +0.46 + 2,8 
50 1.958 +.005 18.11 +1.74 +10.6 
55 1.S83 +.008 19.19 +2.82 +17.2 
60 1.̂ 91 +•008 19.54 +3.17 +19.4 

400r 41 1.199 £.003 15.81 -0.56 - 3.4 
42 1.198 +.005 15.78 —0.59 - 3.6 
45 1.S06 +.008 16.07 -0.30 - 1.8 
50 1.943 +.005 17.50 +1.13 + 6.9 
55 1.266 +.006 18.45 +2.08 +12.7 
60 1.272 + .007 18.71 +2.34 +14.3 

800r 41 1.190 +.002 15,49 -0.88 - 5.4 
4S 1.174 +.003 14. 93 -1.44 — 8.8 
45 1,148 +.008 14.06 -2.31 -14.1 
SO 1.138 +.010 13.74 -2.63 -16.1 
55 1.119 +.019 13.15 -3.22 -19.7 
60 1.152 +.015 14.19 -2.18 -13.3 

Ântilog of mean logarithm In oolxaian 3, 

M̂easured from the 40-daj weight - ooliuan 5. 

f̂-lW a Pr@-irradiatlon mean initial weight for all Ba mice. 
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show a weight loss of ovbt two gleams, or 13.3 per cent of the 

initial weight, At th® raaxlmtim loss, nearly a 0̂ per cent re

duction in the starting weight occurs. With respect to their 

control gain at 60-<lajs* the SOOr mice ar® 161 per cent below 

their expected weight gain, Coniparatively* the different 

strains at SOOr and 60 days of ag© show the following depres

sions below their expected gains? Zs *̂ 4 per cent; RI: 27 per 

cent I Ss 36 per cent? Es 59 per cent; L: 85 per cent; Bas 161 

per centp 

Although strain differences in response appear to be 

Most expreaaife at the 800r dosage level, direct comparison 

of a siaaeeptlble and a resistant strain points out that a 

genetic difference In ralo-sensltlvltT can even exist at Ôr» 

Figure 10 graphically emphaslaes the importance of the 

Individual's genotype in in̂ i'estlgating radiation response, at 

least with respect .to body weight. The two strains compared, 

Ba and S, show many outward sirailaritles. At 40 days of age, 

they differ by only abotat 0,8 grams of body weight, strain Ba 

being the heavier. The Ba mice gain 3,53 grams over the SO-

day period, or SI,9 per cent of their initial weight. Strain 

S gains 3,75 gran.s, or 53,9 per cent of the initial weight. 

Consequently, the control growth curves are nearly parallel, 

with the Ba mice maintaining their weight superiority, 'Phe 

curves only include data up to the 55th day of age, as this 

range cover® all the estimates of live weights. 

At SOr, the more susceptible Ba mice are depressed in 
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their growth so that toy 55 days of age they have become lighter 

than the S mlc®. This differential growth inhibition becomes 

more coinpletely expressed at 300r and 400r. At 800r, the dif

ference is ©xtreffle. The point where the Ba curve drops below 

the S curve appears progressively sooner after exposure with 

Increasing dosage. As these data Indicate, body weight and 

normal weight gain, alonej could be disastrous criteria for 

assuiaing any extensive amount of genetic similarity. 

Table 14. Significance of the O-SOr Body Weight Differences 
in Strains Ba and S. 

Ag© 
days 

Strain 
Mean weight 
difference 

log 
S.E. dlff. P level-t^ 

41 

42 

Ba 

S 
Ba 

.0099 

.0094 

.0016 

.0178 

+.0046 
+.0031 

+.0091 
+.0067 

0.48 
3.07 

0.17 
9.64 

.70-.60 

.01-.001 

.90-.80 

.09—.01 

4S-38 degrees of freedorai 

The genetic dissimilarity of these two strains can be 

further substantiated by the significance of the weight re

sponse at 20t when compared to the controls. This is sTxra-

aarlzed in Table 14. The data clearly indicate that the mean 

weight differences are highly significant in the case of the 

susceptible Ba strain, but that the 90r response is within 

the limits of saapling variation in the resistant S mice. 
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On tMs basis, th© minimum level at which radiation effects 

may b© observed will depend upon the genetic constitution of 

th© mats't-ials studied, 

Qjuantltation of body weight reaponse to irradiation 

fh® amount of variation In weight change that is due to 

thes® g@n®tic differences can t>@ given a quantitative expres

sion, As previously deserived, the estimated components of 

variance can be utilized to express the amount of variation 

in weight response attributable to the various effects and 

interactions. The derived values for the components must be 

considered as somewhat tentative due to th© known hetero

geneity of the wlthin-dosage regressions that enter into the 

estimates. Similarly, a heterogeneity of variance between 

the dosage levels and between the strains is recognized but 

put aeide in an effort to provide the best available estimates 

of the different eoaipenents, 

Ihe results of the component analysis are presented in 

Table 15 and Figure 11, These data substantiate the Indicated 

strain differences in radiation response, as depleted by the 

strain by treatment (S?) component, A maxlmim occurs 15 days 

after exposure, when 1*7 per cent of the total variation is 

attributable to these genetic differences in response. 

The over-all weight response to the radiation is maximum 

five days after exposure, rising rapidly to a peak of 43 per 

cent, A progressive decline then Is established. Strain 
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Table 15, Breakdowi of "Variation In Weight Change Into the Components} 
Absolute ¥arlance and Pepcentag© of Total Variation 

Component of Weight change Inteirg'al - days 
variation 40-41 40-42 40-45 40-50 40-55 40-60 

Strain effect S ,0000184 .0000159 .0001078 .0002411 .0003738 .0005306 
i 6,2 2.8 8.2 11.5 12.8 19.3 

Treatment effect T .0000827 .CK)02358 .0005641 .0007638 .0008074 .0004773 
% 27.7 42,1 43.0 36.4 27.7 17.4 

Strain x treat- ST .0000048 .0000117 .0000790 .0001933 .0004978 .0003745 
nient effect i 1.6 2.1 6.0 9.2 17,0 13.6 

Between litter L .0000440 ,0000880 .0001745 .0001765 .0002055 .0002890 
effect % 14.7 15.7 13.3 8.4 7.0 10.5 

Sex effect P .0000940 .0000361 .0001101 .0002060 ,0002875 .0003330 
i 8.0 6.5 8.4 9.8 9.8 12.1 

Sex X strain effect FS .0 .0 .0000083 .0000071 .0000020 .0000183 
fa 0 0 0.6 0.3 0.1 0.7 

Sex X treatment FT .0 .0 .0000079 .0000206 .0000220 .0000404 
effect i 0 0 0.6 1.0 0.8 1.5 

Sex X strain x PST .0 .0000004 .0 .0 .0 .0 
treatment % 0 0.1 0 0 0 0 

Sex X litter effect E .0001250 .0001720 .0002610 .0004900 .0007240 .0006830 
i 41.8 30.7 19.9 23.4 24.8 24.9 

Total variation .0002989 .0005599 .0013127 .0020984 .0029200 .0027461 
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dlffewnces In weight change progressively increase throughout 

the so-day period,. The sex, dlffsreinc© In gain is also pro-

gresaivelj. increaaing to its final value of 1^^ per cent as 

oompared to 19 per cent between strains. The,interactions of 

sex with strains and with treatments are negligible. 

Uncontrollable variation drops sharply to a minimum be

tween the .50th an.d 55th days of age. Prow Table 15, It is 

apparent that the variation between litters Is not a serious 

source of varia.tlon In these data, indicating a high degree 

of within-straln uniformity in response. This is very dif

ferent froia a recent dosage-mortality study on an Inbred 

strain of mle® (Kaplan and Broiro, 1959), wherein a signifi

cant amount of heterogeneous response was encountered on a 

between-litter basis. However, an all-or-none type of re

sponse, such a® lethality. Intrinsically carries the threat 

of greater variation between litters, particularly in the 

mid-lethal range, A body weight or weight change response, 

on the other hand, entailing only living animals# can reason

ably be expected to show more uniformity. 

The m0X by litter interaction, essentially a withln-

lltter source of variation, contributes from one-fifth to two-

fifths of the total variation, as seen in fable 15, Since 

this Is due to the variation around the mean withln-litter 

sex difference In body weight or weight change. It then 

seems plamsibl® that sex differences in radiation response 

have been erratic and difficult to Isolate, When they do 
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0xl&t, the f®male has generally been favored as the more re

sistant sex CCronkit® and Chapmanj•1949)• 

In summary» the following variables appear to enter into 

the body weight response to s:-irradiatlonj basic genetic dif

ferences In initial body weight, genetic differences in the 

normal gain, and genetic differences in the actual weight re

sponse to x-ray. The latter factor can b© broken down Into 

addltlonisl variables, kt any given dose, these arei differ

ences In uiejclfflum loss, rate of loss, time of Inception of 

recovery,- and the rat© of recovery. The similarity of the 

type of response shoi®n by these strains would not permit the 

asstimptlon that th© genotype is capable of causing qualita

tively different responses# However, genetic factors appear 

capable of exerting soaie control over the degree or quantity 

of expression of these response .characteristics. 

The observation of genetic differences in radiation re

sponse leads to the problem of deriving th© relative resist

ance of these strains to each other. Any method of scaling 

must reasonably Integrate all of the different aspects of 

the weight response. The best prodedure involves the regres

sions of weight change on dosage, These regressions do 

integrate and reflect the rate of gain, rate and waxiinum 

iaaount of loss, and the rate and time of recovery. They do 

not reflect th® initial weight as a single factor but will 

contain any influence it has upon the other response factors. 

The regressions and their respective correlations, are given 
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In fabl® 16, 

Tin# diff@i»®nc©s between tbe strain regressions at the 

first two age Internals are not statistically significant# 

but the difference® ar® highly significant (P<,001) at all 

other ages. It mj ag# level# these regressions indicate the 

strain differences in the amoimt of loss per unit of dosage 

as it Is Inter-related with normal gain. Within a strain, 

the ©ronparigon across the sge levels reflects the rate and 

time of loss and recovery. ThuSi a strain comparison across 

the age levels should bring In all the response factors, 

The weakness of this procedure lies in the non-linearity 

of the response with dosage at several of the age levels, 

fh© derivation of the regressions is based on the assumption 

of an existing linear function,. However, there is apparently 

no legltlniate scale that renders the data completely linear 

throughout. Figure 12 plots the over-all mean weight changes 

with dosage. It can be seen that the weight change over the 

first day is decidedly curvilinear and tha.t the radiation 

effect becomes proportionately le as with increasing dose. At 

the 4'?nd and 45th days of age, the response is quite linear, 

irtiil© at the last three age levels it becomes curvilinear 

again. The latter situation Is due to the lag in gain of the 

SOOr mice. 

The correlations of weight change and dose have been de

termined when using three different scales for dosage. These 

scales ar® the logarithm of the dose, the arithmetic value of 
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fable 16, Segresslons and Correlations of Weight Change 
on Dosage by Strain and Age Interval 

Strain 40-41 40-42 
W@tight change inter^ral - days 

40-45 40-50 40-55 40-60 

RI b X 10® -13.6 -45.7 -60.8 -58.1 -49.1 -34.4 
r - .706 - .951 - .963 - .985 - .950 - .923 

2 h x 10® -32.6 -43.0 -57.6 -84.3 -46.7 -25.1 
r - ,779 - .887 - .984 - .983 - .873 - .835 

S b X 10® -18.8 -37.5 -63.3 -64.7 -62.6 -38.3 
r  ̂.970 - .977 - .999 - .918 - .888 - .837 

E b X 10® -25.4 -42.9 -84.0 -81.6 -74.3 -73.9 
r - .925 - .944 - .986 - .988 - .968 - .960 

I, b X 10® -31.2 -54.0 -79.2 -95.2 -112.0 -89.1 
r - »938 - .967 - .995 - .982 - .972 - .924 

Ba b X 10® -32.3 -60.3 -121.1 -163.6 -213.1 -173.9 
r - .902 - .952 - .989 - .955 - .937 - .931 
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the dos©, and the sqtiare of the arlthraetlc value. The three 

sets of correlations are plotted in Figure IS, 

If the highest correlations Indicate the most linear re

lationship., then the straight arithmetic scale yields the best 

results. It is of Interest to note, however, that the log

arithm of the dos© initially fits a linear function, iwhlle 

a square of the dos© is most linear terminally. The results 

Indicate that there la a triphastlc response with time, 

while the break in response at 400r relates a blphaslc re

sponse with dosage, 

•The strain regressions have been plotted at each age and 

the areas under the resulting curves graphically estimated. 

Figure 13 gives the curves and emphasizes the genetic dis

parity that exists. 

The area under the curve derived from the regressions in 

the over-all mean data (Table 4) was arbitrarily given a value 

of 1,0, fh© areas determined for each of the strains and for 

the sexes were then expressed as a proportion of this average 

area. In order to re-express these relative areas on a scale 

running from 0 to 100, the values were plotted as in Pigtare 14, 

The slop® used to determine the vertices of the 90 degree 

angles had to be arbitrarily fixed by two points. The aver

age are© is considered as the 60 per cent point, and the most 

susceptible strain (Ba) Is fixed at 0 per cent. The remain

ing strains and the sexes are plotted on the ordinate and a 
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lin® parall®! to the abscissa is r\m to the slope for each 

valu®, A p#i*pendic"ular is then dropped to the abscissa and 

th® p®re«ntag« resistance Is deterained. The final reaist-

anc® lewis and th® relative areas ar® given in Table 17, 

Table 17» Relative Areas and Pinal Resistance 
I»®v@ls of th® Strains and Sexes 

Sex or Relative Resistance 
strain area level 

Average 1.000 

i 

50.0 
Males 1.085 45.6 
Pemales 0.916 54.5? 
11 0.647 68.1 
% 0.714 64.8 
S 0.793 64.1 
B 0.94S 52.7 
1 1.145 49,5 
Ba 1,974 0.0 

Of particular interest are the final estimates for strains 

2 and S, Though nearly identical in their final resistance* 

their individual patterns of response show specific differ

ences# As seen from fable 16, for the first ten dajs after 

exposure the Z mice have a proportionatelj greater loss in 

weight than the S alee, and consequently, much steeper re

gressions of weight change on dose. The rapid recovery phase 

that the Z rale® enter between 50 and 55 days of age completely 

counterbalances their more severe early losses. Their 
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regressions# at th® last tm> age levels, are lower than all 

otter strains, This feature ©aphasizes the Importance of the 

time and rat® of reeoverf as a genetic differential. 

Th© final resistance leirels carmot b© considered as 

definltiT®, since one strain is fixed at 0 per cent. The use 

of strains with lesser or greater resistaxicss would shift all 

of the estimates. As wellj estimates from a different set of 

dosage levels would cause some changes, Nevertheless, for a 

glfen set of data. It permits a working acsl® for comparative 

study and interpretation, 

A method like this does not need to be limited to radia

tion studies alone. Any investigation that involves a range 

of dosage levels of some agent--chemical, physical, or bio

logical—-that is capable of producing a set of correlated and 

measurable responses can utilize a procedure alrailar to this 

one. Its particular value lies in the use of living animals, 

which avoids losing experimental material as in mortality 

studies. Obviously, a living scale is of greater practical 

and theoretical value for Integrated and quantitative bio

logical investigation. 

Organ Weight 

In analysis of covariance, eliminating the variation in 

body weight, has been used to analyze the organ weights. In 

preaentlng and interpreting the results, the mean organ 
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weights at «ach dosage l®v«l have "been adjusted to a constant 

60-day body weight, fhe appropriate organsbody weight r©-

gresiions bav© been ussd to a.djiist the over-all, sexj and 

strain means. Standard errors are attached to these adjusted 

means. 

For the most part, the inter-dosage variation in the 60-

day body weights is not great, so that the extent of the ad

justment is not serious, "Fhe 60-day body weights are not 

ftijusted weights themselves and still express the Initial 

sampling variation that wfti referred to earlier, upon which 

has been sttper-iaposed the effects of the radiation. As a 

result of sampling, in on© strain, Z, the observed 800r 

reean 60-day body weight is slightly heavier than that of the 

controls. Most strains, however, express, the 800r growth 

suppression at 60 days, particularly strain Ba, In the latter 

strain, the organ weight adjustment requires an estimation 

across a four-grajii body weight shift. The standard errors 

of such estimates ar# noticeably larger, however. 

As Walter and Addli (1939) effectively pointed out, the 

comparison of organ weights, between any treated and untreated 

animals, must b® don® with care when the organs are expressed 

as 8 function of the body weight, Unequlvalent losses In fat 

and body water in the treated and untreated body weights can 

create the ©stlmatlon of aberrant organ weights by over

correction, In this respect, adjusted organ weights of the 

Ba IHIC© at 800r aay well be unreliable estimates, since these 
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IBIG# were characterl2s»d bj an emaciated appearance. However^ 

this should not detract from the large majority of the other 

estimates• 

Heart weight • over-all radiation responae 

Th# over-all iM«n radiation effects on heart weight are 

presented in Table 18 aM Figure 15. fhe effect of the ad

justment of the organ weights is clearly depicted. In column 

3i the obserfed mean heart weights show a progressive decline 

w i t h  I n c r e a s i n g  d o s e .  S i m i l a r l y #  t h e  b o d y  w e i g h t s  ( c o l u m n  2 )  

show this decline, Mjustment to the over-all mean body 

weight (19#,S4 grams» column 2) completely eliminates the 

weight differences In the hearts. The adjusted means vary 

by only 0,5 rallllgraiBS at the most, "Phe weights from the 

irradiated mice are consistently lower than the control weight» 

but these changes are not significant. The average effect 

upon the unadjusted heart weight is probably entirely d\ie to 

inanition, 

Hadiation response by sex 

The data of Table 18 and Figure 15 todlcate that the two 

sexes respond In an essentially parallel manner, with no 

significant effects arising. 

Radiation response by strain 

Several minor changes in heart weight occur after 
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Table 18, Heart Weight and 60-daj Body Weight Means; by Dosage and by Sex and Doaage 

Dos© 
r 

Sex 
Observed 
Body wt, 
grams 

means^ 
H, wt. 
fflgS, 

M.1, aeans 
leart wt, 

loi 

2 

S.l, 
Mi. wsans 
Heart wt. 
fflgS, 

1 
Change from Or 
»gs. ^ 

p3 
level 

0 19,9S 114,0 3,047 4-,003 111.4 at 238 df 
19,90 113,4 2,046 7,003 111.9 -0.9 -0,2 «• 

mo 19,74 lis ,8 9.046 7,003 111.9 —0.9 -0.9 
400 19,35 110,8 9,045 -I-.003 110.9 -0.5 -0.4 
800 17,87 105.0 9.046 +.005 111.9 -0.9 -0.9 
Over-a 11 
means^ 19.34 111,2 

0 1̂,84 1̂ 3,5 9,076 4-. 004 119.1 at 118 df 
20 91,73 192,8 9.075 +.004 118.9 -0.9 -0.9 

soo 20,86 118,3 9.079 +,003 118.0 -1.1 —0.9 
400 20,77 118,1 9.073 +.003 118.3 -0.8 -0.7 
800 18,99 110,4 9,073 +.004 118.3 —0.8 -0.7 
î ale means §0.61 118.5 

0 Q 18,18 105,9 9,019 +.004 104.5 at 118 df 
20 18,̂ 9, 104,7 9.016 +.004 103.8 -0.7 -0.7 

200 18,69 107,5 9.019 + .004 104.5 0.0 0.0 
400 17,99 104,0 9.016 + .004 103.8 -0.7 -0.7 
800 1 16,81 99,9 9,090 +.004 104.7 +0.9 +0.9 
Female means 17,97 104,2 

^Geometric means 

Adjusted to the raean 60-day body weight 

^Significance of the difference between adjusted ir^ans; O-^Or, 0-900r, etc, 
Absence of entry here and in subsequent tables indicates insignificant change. 
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Table 19, Heart Weight and 60-day Body Weight Means f by Strain and l>osag© 

Observed means^ MJ. means 2 Adj. me®is^ p3 
Dose Strain Body wt. H. wt. Heart wt. S.l. Heart Change froa Or level 
r graras IHgS. log ags. mgs. % 

0 11 24,35 134,9 9.131 +.006 135.2 at 38 df 
SO 24.74 137.2 2.133 ¥.006 135.0 + 0.6 + 0.4 

soo 26,37 144,2 2.137 +.006 137.1 + 1.9 + 1.4 
400 23,47 132.4 2.133 +.006 135.8 + 0.6 + 0.4 
800 93, S6 137.4 2.152 +.006 141.9 + 6.7 + 5.0 ,02-.01 
Strain 1 means u.4± 137.2 

0 z 20.10 112.0 2.051 +.006 112.5 at 38 df 
m 21,11 113.0 2,037 +.006 108.9 -  3,6 «K 3.2 
000 19,25 104.5 2.038 +.006 109.1 - 3.4 • 3.0 
400 20,42 109.5 S.036 +.006 108.6 - 3.9 3.5 •10-.05 
800 20,26 108.9 2.036 +.006 108.6 - 3.9 3,5 .20-.10 
Strain means 20,̂ 2 109. S 

0 S 19.81 119.5 2.066 +.007 116,4 at 38 df 
20 19.12 114.9 2.061 +.007 115.1 - 1.3 > 1.1 
900 18.85 113.2 2.060 +.007 114.8 - 1.6 - 1.4 
400 19.81 114.5 2.047 +.007 111.4 - 5,0 4.3 ,10—,05 
800 18.37 109.0 2.053 +.007 113.0 - 3.4 - 2,9 
Strain means 19.18 114.9 

Geometric means 
p 
^'Adjusted to the iman 60-day body weight 

^Significance of the difference between adjusted means; O-^r, 0-??00r, etc. 
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Table 90, Heart Weight and. 60-day Body Weight Means} by Strain and Dosage 

Dos© 
r 

Strain 
Observed 
Body wt, 
grams 

ineans^ 
H. i»t. 
«gs. 

Adj. means 
Heart wt. 

log 

2 
S.B, 

Adj. raeans^ 
Heart wt. 

mgs. 
Chang© 
mgs. 

from Or 
p3 

level 

0 E 17.08 109.1 2,031 +.008 107.4 at 38 df 
20 17.19 105,4 2,014 +.008 103.3 - 4,1 1W 3,8 ,20-,10 

soo 17.31 103.8 2,005 +.008 101.2 — 6,2 5.8 ,05-,02 
400 16.21 105,9 2.031 +,008 107.4 0,0 0,0 
800 •| 15.42 96,3 2,003 +.008 100,7 - 6.7 • 6.2 ,05-,02 
Strain means 16.63 104,0 

0 I. 19.30 104,2 2,004 +.008 100,9 at 38 df 
20 19.05 109,9 2,030 +.007 107,2 + 6.3 + 6,2 ,02-.01 
200 17.84 105,9 2,031 + .007 107,4 +  6 . 5  + 6,4 .02-.01 
400 17.93 102,3 2,015 +.007 103,5 + 2,6 + 2.6 ,40-.30 
800 17.30 102.7 2,026 +.008 106.2 +  5 , 3  + 5 , 3  ,10-,05 
Strain means 18,27 105,0 

0 Ba 19,57 107,0 2,004 +.008 100,9 at 38 df 
20 18.98 103,1 1,998 + .007 99,5 - 1.4 - 1,4 
200 20,05 109,7 2.006 +.008 101.4 + 0,5 + 0,5 
400 18,91 103.2 2,000 +.007 100.0 - 0.9 •> 0,9 
800 14,11 83,2 2,009 +.011 102,1 + 1.2 + 1,2 
Strain X means lOi" 100.8 

^Geometric means 

Adjusted to the mean 60-day body weight 

^Significance of the difference between adjusted meansj O-^Or, O-'^OOr, etc. 
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x-irradiatlon In soiae of th® strains (Tables 19 and SO). 

Strains EI and Ii show an Incr-eas© In weight at all Irradia

tion levelst fhis is a significant Increase at 800r in the 

II ffilc®# md at 90r and ?;00r in the L mice. 

Strains 2, 3, and E have lower m@an freights after irradi

ation# but onlj those of the E mice are significant. The Ba 

strain shows no change in adjusted heart weight, in spite of 

their gross body weight response to the x-ray. 

Table 21. Heart Weight - Component Analysis 

Goaponent of variation Percentage of Absolute 
total variation variance 

S - Strain effect 38. 5 .0003??81 
T • Treatment effect 0.0 .0 
ST - Strain x treatment effect 5.7 .0000660 
L - Between litter effect 91.1 .0003445 
P - Sex effect 0.0 .0 
PS - Sex X strain effect .̂8 ,0000327 
PT - Sex X treatment effect 0.0 .0 
PSf- Sex X strain x treatment 0.0 .0 
E - Sex X litter effect 42.1 .0004830 

.0011593 

The increases in heart weight may be an Indirect re

flection of a radiation induced an«»la. Grossly, some of the 

hearts of th® II alee were flabby and obviously larger than 

normal. Cardiac dilatation and hypertrophy are sometimes 

seen in anemic states (Hull, 1950). 
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'fb.B depressions In organ weight may reflect the general 

growth r®tar<iation Induced by th® x-raj. In strains exhibit

ing this, it may proTa to b© a greater physiologic antagonist 

than anj an.©i»lc condition that may exist, 

fhe component analysis of the heart weights Is given in 

Table 21, The tmcontrollable variation takes out 63 per cent 

of the total, one-third of this lying between the litters, 

Basic strain differences in heart weight contribute 2B per 

cent to the total variation# while the average radiation 

effects are zero. However, as has been demonstrated, some 

strain differentials In response do exist #ilch •amount to 

nearly 6 per cent of the total variation, 

MSssz saMil • over-all radiation response 

The kidneys, like the heart, are relatively resistant 

organs. Table 22 and Figure 16 show that after body weight 

variation Is eliminated, little or no response occurs in kidney 

weight, Igadn, there is a tendency for a weight depression to 

exist after exposure, with the exception of the mice at 800r, 

ladi&tion response by sex 

The two sexes respond in a nearly parallel manner, with 

neither showing a sl^ificant change from the control weight. 

The basic difference in body weight conceals the existence of 

a very significant sex difference in kidney weight. The 

female has a strikingly lighter mean kidney weight, #ilch has 
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Table 92» Kidney Weight and 60-<iay Body Weight Means j by Dosage and by Sex and Dosage 

Bose 
r 

Sex 
Obser-s^ed meana^ 
Body wt» K, wt, 
gi'ants â s. 

Adj, memis 
Kidney wt, 

log 

2 
S,l„ 

Adj, means^ 
Kidney wt, 

mgs. 
Change 
mga. 

frcffi OT 

0 19.92 334,6 2,510 +.003 393,6 
SO 19,90 331.9 2,507 ?.005 321,4 2.2 - 0,7 
200 19.74 327,8 2,505 "4".003 319,9 • 3,7 - 1,1 
400 19.33 319,1 2,504 +.003 319,2 • 4.4 - 1,4 
800 17,87 299,9 2,514 -h,004 326,6 + 3,0 + 0,9 
Over-a 11 
means^* 19,54 322,3 

0 0^ 21,84 390,6 2,567 +,005 369,0 
to 21,73 387̂ 9 2,566 +.005 368,1 - 0,9 - 0,2 

soo 20.86 364,6 2,561 +, 005 363,9 - 5,1 - 1,4 
400 20.77 362,5 2,560 +.005 363,1 - 5,9 -  1 , 6  
800 18.99 334,6 2,579 +.005 373,3 + 4,3 + 1,2 
Male means w:et 367.5 

0 Q 18.18 986,6 2,452 +,004 283,1 
20 

•+' 

18,22 284.0 2,448 +,004 280,5 - 2.6 - 0,9 
200 18,69 294,7 2,453 +,004 283,8 + 0,7 + 0,2 
400 17.99 281,0 2,448 +.004 280,5 2,6 - 0,9 
800 X 16,81 267,5 2,455 +, 004 285,1 + 2,0 + 0,7 
Female mtBXtB 17,97 282,6 

p3 
level 

at 258 df 

at 118 df 

at 118 dr 

Geometric means 
Adjusted to the mean 60-day body weight 

^Sigpnificanee of the difference between adjusted raeansj O-SOr, 0-900r, etc. 
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t>0©n nhowa in these mice previomsly {Grahn, 1950). This basic 

differenea, however, does not alter the resistance of the kid

neys in the two sexes, 

ladifttion. raaponse by strain 

Tables S3 and 94 present the data on the different strains. 

?h.re® strains# 2# S, and B, show eonsistent decreases in 

weight after eicposure, fh® same strains showed a similar re

sponse in heart wight. These changea from the control value 

are highly significant in the Z mice at SO, 200, and 800r, 

and at 400r in the S strain. 

fh# HI mice do not present a consistent reaction, while 

strains L and Ba have heaTler kidneys at all irradiation 

levels. As noted in fable 94, the significance of the changes 

in the Ir mice at 50r and SOOr are invalidated due to the ap

pearance of hydro-nephrotic kidneys. Three such instances 

arose, two at ^30r and on© at 200r, always in the wales and 

involving the right kidney. The right ureter was also 

affected, with an apparent point of stenosis of the ureter 

prosclmftl to th® bladder. The female litter-mate of one of 

the hydro-nephrotic males had an imperforate vagina, a fre

quently observed characteristic of the L mice. This may be 

moro than coincidental and may Indicate a genetically de

termined abnomal development of th© uro-genital system. 

Since this last point cannot be proven, the hydro-nephrotic 

kidneys were left in the data, as it is not impossible for 
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Tabl® Kidney Weight and 60»daj Body Weight Means| by Strain and Doaag© 

Observed weans _M©ans.® Adj. »ana^ 
Dose Strain Body wt, K« wt. Kldnay wt, S.E, Kidney wt. Change from Or level 
r grains Ĵ S, log lags. ags.  ̂

0 HI 

200 
400 
boo 
Strain a^ans 

0 z 
20 

200 
400 
800 
Strain means 

0 S 
20 
SCO 
400 
800 , 
Strain means 

S4,35 
S4.74 
26.37 
25,47 
S3,S6 
wtw 

20.10 
21.11 
19.25 
90.42 
20.26 
miw 

19.81 
19.12 
18.85 
19.81 
18.37 
19.18 

400.5 
411.7 
435.4 
377,2 

Mb! 
02,1 

366.0 
357.4 
320.4 
353.0 
341.7 
347,3 

377.1 
360.6 
346.9 
359.7 
332.9 
355.1 

2.604 
2,608 
2.602 
2.595 
2.615 

2,567 
2.528 
2.534 
2.542 
2.532 

2.561 
2.559 
2,549 
2.540 
2.544 

+,008 
+.008 
£.009 
+.008 
+,008 

+.009 
£,009 
+•009 
+,009 
+,009 

+ ,006 
+,006 
+,006 
+,006 
+,006 

401.8 
405.5 
399.9 
393.6 
412.1 

369.0 
337.3 
342.0 
348.3 
340.4 

363,9 
362,2 
354.0 
346.7 
349.9 

+ 3.7 
-1,9 
- 8.2 
+10.3 

-31,7 
-27,0 
-20,7 
-28.6 

- 1.7 
— 9,9 
-17,2 
-14,0 

+ 0,9 
— 0,5 
- 2,0 
+ 2,6 

- 8.6 
- 7.3 
- 5,6 
- 7,8 

- 0,5 
- 2,7 
- 4,7 
- 3,8 

at 38 df 

,40-,30 

at 33 df 
.01-.001 
.02-.01 
.10-,05 
.01-,001 

at 38 df 

.20-.10 
,02-,01 
,ld-.05 

IrieoTnetric means 
o 
•^Adjusted to the mean 60-day body weight 

®Significance of the difference between adjusted means; 0-20r, 0-200r, etc. 
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Table S4, Kidney Weight and 60-<iay Body Weight Means | by Strain and Dosage 

Dos© 
r 

Strain 
Observed 
Body wt« 
grams 

means^ 
K. wt. 
mgs. 

M.1. Means 
Kidney wt. 

log 

2 
S.l. 

MJ. «©an@^ 
Kidney wt. 

ffigS. 
Change 
lags. 

from Or 
% 

p3 
level 

0 1 17,08 293.3 2.457 + .009 286.4 at 38 df 
90 17.19 280.7 2. 435 +.009 272.3 -14.1 - 4.9 • 90—.10 
SCO 17.31 287.5 2.443 +.010 877.3 - 9.1 3.2 
400 16.21 271.4 2.443 +.009 277.3 - 9.1 mm 3.2 
800 15,42 262.8 2.449 +.010 281.2 - 5.2 m. 1.8 
Strain TOans^ m'.m 273.9 

0 L 19.30 284.8 2.427 +.010 267.3 at 38 df 
20 19.05 301.0 2.458 +.010 287.1 +19.8 + 7.4 Mo test-» 
200 17.84 282.3 2.463 +.010 290.4 +23,1 P 8.6 n 

400 17.93 275.1 2.449 +.010 281.2 +13.9 + 5.2 .BO-.l© 
800 17.30 267.5 2.454 +.010 284.4 +17.1 + 6.4 .lO-.OS 
Strain ffleans^ 18.̂ 7 281.9 

0 Ba 19.57 304.0 2.447 +.007 279.9 at 38 df 
20 18.98 298.1 2.453 +.007 283.8 + 3.9 + 1.4 
200 20.05 315.9 2.452 +.008 283.1 + 3.2 + 1.1 
400 18.91 295.5 2.451 + .007 282.5 + 2.6 + 0.9 
800 14.11 229.6 2.484 + .011 304.8 +24.9 + 8.9 .02-.01 
Strain n»ans 18.18 286.8 

^Geometric ir^ans 

^Adjusted to the mean 60-day body weight 
3Signlficance of the difference between adjusted Means; 0-20r, 0-200r» etc. 
^•Incl-udes hydro-nephrotic kidneys - see text 
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a radiation induced concretion to 'have Initiated the nephrotic 

eondifelon. 

The tendenej for the kidney weight to b© lower In soine 

of the irradiated animals may be a reflection of an over-all 

growth inhibition. Increases In kidney weight are not ex

plained. 

The results of the component analysis are shomi in fable 

S5, ller©, aa in the heart weight, the average radiation 

Table 25, Eldnej Weight - Component Analysis 

Component of variation Percentage of 
total variation 

Absolute 
variance 

s • strain effect 31,8 .0007377 
T m Treataient effect 0.0 .0 
ST m Strain x treatnient ©ffeet 3,8 ,0000889 
I. m Between litter effeet 11* 6 ,0009680 
F m Sex e.ffe®t 15.1 .0003492 
FS Sex X strain effect 1.8 .0000492 
FT m Sex X treatment effect 0.2 .0000046 
FSf - S®x T strain x treatment 0.0 .0 
E - Sex. X litter effect 35.7 .0008290 

.0023196 

response is zero, but a amall strain differential in response 

(3,8 per cent) does exist. Sex and strain differences, both 

basically genetic, take out 47 per cent of the total varia

tion, 15 p®r cent In the sex difference alone. Anotber 47 per 

cent Is attributable to random fluctuation, with the EiL ratio 
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being about 3J1j as compared to 9jl In the heart. 

I<lv#p weight - over-all radiation respmise 

At 90r and 0̂0r» the liver weight is lighter than the con* 

trols# but a significant increase in weight occurs at 400r and 

800r (fable S6 and Plgtire 17), The initial depression is very 

minor as eoMpared to the increases In weight at the high 

doaes. It should to® noted that a change .as small as 5 per 

cent of the control weight can become a very highly signifi

cant ©hang®, Slrapl© observation of the unadjusted data would 

give no indication of this relative increase in weight. 

Radiation reaponae by sex 

The two aexes do not reflect a completely parallel re

sponse l.n liver weight, 1*h® males show a slight increase at 

SOr# while the females decrease# A decrease at 900r occtars 

in the male8J while the faaales begin a progressive increase 

that continues through 8G0r« Although the 20r and 2q0T shifts 

are not significant, those at 800y are significant. -The 

females show both a greater absolute and relative Increase 

at the high dose. 

Radiation response by strain 

With strain S excludedt all strains ahow an increase In 

liver weight at SOOr. fhls change la significant in strains 

RI, L, and Ba (fables ^7 and 98), In these strains, the 



www.manaraa.com

fabl© 26, Itlver Weight and 60»<^ay Body Weight Mesmsj by Dosage and, by Sex and Dosage 

Doa© 
r 

Sex 
Obsei^red 
Body wt. 
grams 

means^ 
Wt. 

mgs. 

Adj. means 
wt. 

log 

2 

S.B. 
Ad.1. aeanŝ  
Mver wt. 

ttgg. 
Change 
mgs. 

from Or level 

0 19. 9S 1948 3.084 +.003 1213 at 238 df 
20 19.90 isst 3.081 •I-.003 1205 - 8.0 0.7 
200 19.74 1935 3.083 •fr.OOS 1211 • 9,0 . 0.2 
400 10.33 1S41 3.094 Hh.003 1942 +29.0 + 2.4 .04 
800 17.87 1183 3.106 •4*.004 1276 +63.0 + 5.2 <.0001 
Over-a 11 
aeans^ 19.34 1229 

0 21.84 138S 3.119 4-. 004 1315 at 118 df 
SO SI. 73 1386 3.123 +.004 1327 +12,0 + 0.9 

soo 20.86 1295 3.111 7.004 1291 -24.0 1.8 
400 SO. 77 1333 3.126 4-.004 1337 +22.0 + 1.8 .30-.20 
800 18.99 1265 3.139 +.004 1377 +62.0 + 4.7 .001-.0001 
Male ffleans 0̂.81 1329 

0 2 18.18 1128 3.048 +.004 1117 at 118 df 
20 -r 18.22 1107 3.039 +.004 1094 -23.0 2.1 .20-.10 
200 18.69 1180 3.056 +.004 1138 +21.0 + 1.9 .20-.10 
400 17.99 1154 3.062 +.004 1153 +36.0 + 3.2 .05-.02 
800 16.81 1116 3.074 +.004 1186 +69.0 + 6.2 <.0001 
Female means 17.97 1137 

^(Jeometric ir^ans 
^Adjusted to the mean 60-day body weight 

^Significance of the difference between adjusted means; O-^Or, O-^OOr, etc. 
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Table Liver Weight and 60-daj Body Weight Meansj by Strain and Dosage 

Dose i 
r 

Strain 
Obser-ved 
Sody wt« 
grams 

ânŝ  
L. wt. 
MgS. 

Ad.1» meana 
itiver wt, 

log 

2 
S.l. 

Ad.1, means 
Liver wt. 

rags. 

1 
Change from 

fflgS. 
Or 

p3 
level 

0 HI 24,35 1464 3.166 4-,007 1466 at 38 df 
80 24,74 1555 3.187 +.007 1538 +72.0 + 4.9 ,05-.02 
200 96,37 1619 3.182 4" .008 1521 +55.0 + 3.8 .20-.10 
400 t3,47 1509 S.192 7.007 1556 +90.0 + 6,1 .02—.01 
800 93,86 1564 3.S11 +.007 1626 +160.0 +10.9 <.0001 
Strain meenâ  S4.41 1541 

0 Z 20.10 1147 3.062 +.007 1153 at 38 df 
20 21.11 1174 3.049 +.007 1119 -34,0 - 2.9 •30—.20 
200 19.25 1093 3.062 +.007 1153 0.0 0.0 
400 20.42 1189 3.071 +.007 1178 +25.0 + 9.2 
800 20.26 1166 3.066 +.007 1164 +11.0 + 1.0 
Strain 180 anŝ  1153 

0 S 19.81 1263 3.089 +.007 1227 at 33 df 
20 19.19 1207 3.083 +.007 1211 -16.0 - 1.3 
200 18,85 1201 3.086 +.007 1219 - 8,0 mm 0.7 
400 19.81 1315 3.107 +.007 1279 +52.0 + 4.2 .10-.05 
800 18.37 1166 3.083 + .007 1211 -16,0 . 1.3 
Strain means 1§.16 1229 

^Geometric means 

^Adjusted to the mean 60-day body weight 

^Significance of the difference between adjusted means; O-SOra 0-^D0r> etc» 
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Table 38, Mver Weight and 60-day Body Weight Means| by Strain and Dosage 

Observed Ad.1« aeaos ' Adi, means f 
Dose Strain Body wt, L, wt. Liver wt» S»E, Liver wt• Chang© from Or level 
r grams i%s, log a»gs. wgs. % 

0 S 17.08 1208 3,071 +,009 1178 at 38 df 
20 17,19 115S 3,048 •§-,009 1117 -61,0 - 5,2 .10-.05 
200 17.31 1221 3.070 +,009 1175 - 3,0 - 0,3 
400 16. SI 1110 3,056 +,009 1138 -40.0 - 3,4 
boo 15,42 1115 3,078 +.010 1197 +19,0 + 1,6 
Strain meanŝ  16.63 1160 

0 L 19,30 1251 3,076 + ,012 1191 at 38 df 
80 19,05 l'?40 3,077 +.011 1194 + 3,0 + 0,3 
200 17,84 1156 3,072 +,011 1180 -11,0 - 0,9 
400 17.93 1S39 3,100 ,̂011 1259 +68,0 + 5.7 ,20-. 10 
800 *1 17.30 1964 3.133 +,012 1327 +136,0 +11,4 .01-.001 
Strain inaans 1229 

0 Ba 19,57 1181 3,037 +,008 1089 at 38 df 
20 18,98 1147 3.039 + ,008 1094 + 5,0 + 0,5 
200 20.05 1185 3.027 +,008 1064 •i»S5.0 - 2.3 
400 18.91 11̂ 3 3.032 + ,008 1076 —13 , 0 - 1,2 
800 14,11 916 3,083 ,̂012 1211 +122,0 +11,2 .01-.001 
Strain means 18,18 1105 

Ĝeometric means 

Adjusted to the mean 60-day body weight 

Ŝignificance of the difference between adjusted means; 0-'30r, O-SOOr, etc. 
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increase over the controls Is always more than 10 per cent, 

Th© reality of this weight change Is substantiated In the RI 

and L mice by the fact that even the unadjusted liver weights 

are heavier at SOOri In spit© of a decrease in body weight. 

Strains HI and L also show a liver weight increase at 400r# 

but only in th® former strain is this significant, 

fh© exact reason for the increase in liver weight is 

problematic. Histological examination revealed no evidence 

of ectopic hematopoiesls or fatty infiltration, factors that 

could have caused some weight increases. If an Increased rate 

of growth had occurred, it was not evident by an increase in 

the number of mitotic figures. Since no sections were stained 

for glycogen, it cannot be stated as to what importance an 

increased glycogen storage might have played. 

Other wortors have seen indications of increases in liver 

weight, but not to the degree seen in this study, Brues, et 

al, (1946) did not consider as significant a relative increase 

in liver weight of rats exposed to chronic irradiation. The 

absolute weight of the liver was the same in the control and 

irradiated rats, although a 13 per cent drop in body weight 

occurred in the latter. IiUdewlg and Chanutin (1950) and 

Supple© and iSntemaan (1952) have observed an increase in liver 

weight between two and four days after exposure, but Ludewlg 

and Chanutin noted the weight to be normal three weeks after 

©jcposure. The ©stlniates of the present study are twenty days 

after exposure. 
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In Tiew of the remarkabl® regenerative capacity of the 

liver {laxlmow and Bloo®i 1948), it is possible that this 

organ may b® able to overeom© th© growth-inhibiting effect of 

irradiation mor© readily than other organs# leading to rela-

tiv® inoraases in livsr weight. 

fable 99 presents th® component analysis of liver weight. 

Table i9, Liver Weight - Component Analysis 

Component of variation Percentage of Absolute 
total variation variance 

s • strain effect 39,4 ,0007851 
f Treatment effect 2,3 ,0000457 
Sf Strain x treatment effect 3.7 ,0000739 
L • Between litter effect 20,2 ,0004015 
P • Sex effect, 0,0 ,0 
FS «• Sex X strain effect 1,7 ,0000336 
PT • Sex X treatment effect 2,4 ,0000471 
FST m Sax X strain x treatment 0.0 ,0 

- Sex X litter effect 30,3 ,0006040 
,0019909 

The general radiation response appears as 5.3 per cent of the 

variation̂  while the strain and sex differential responses 

contribute 3.7 per cent and 9,4 per cent# respectively. There 

is no basic difference between the sexes in liver weight, but 

strain differences remove 39 per cent of the total variation, 

Uncontrollable variation takes out 50 per cent, with this 

being distributed between the E and L terms on a 3s3 basis. 
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Spleen weight - oYer-all radiation resportae 

Splenic response to irradiation presents an Interesting 

picture. As seen In Table 30 and Figure 18, there Is a. sig-

nifieant Increase In spleen weight at 90r» A recession from 

this point occurs at 900r, followed hj a progressive increase 

through 800r» The 800r Increase Is a very highly significant 

change, 

Hadlatlon response by sex 

The sexes reiterate the reaction described above, al

though a slight divergence from parallelity occurs. The 20r 

response in the females is considerably less than in the 

malesf and only the latter present a significant increase, 

fhe responses at the other doses are more exaggerated In the 

aales# such that a rather broad divergence occurs at 800r, 

In the controls, the females have a slightly heavier spleen, 

but their weight terminates.at a much lower level than in the 

males, 

ladiation reaponae hw strain 

The Individual strain responses are given in Tables 31 

and 39 and In Figure 19, At 20r, the strains react in a 

similar manner, with one exception. Strain E mice show a 

sharp depression in spleen weight at 20r, the loss being 

maintained through 400r, At 800r, the 1 spleens are above 
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fable 30. Spleen Weight and 60-day Body Weight Means j by Dosag© smd by-
Sox and Dosag© 

Dos© Sex 
T 

Obsei*ired 
Body wt. 
grams 

lasanŝ  
S. wt, 
mgs. 

Adj. Means 
spleen wt. 

log 

2 

S.E, 
Adj. means 
Spleen wt, 

»gs. 
Change 
rags. 

from Or 
% 

leTel 

0 19,92 loo. 0 1.998 •l-.Oll 99.5 at 238 df 
19.90 108.7 2.031 +.011 107.4 + 7.9 + 7.9 ,04 

soo 19.74 98.9 1,991 +.011 98,0 - 1.5 - 1.5 
400 19.53 103.5 2.015 +.011 103, 5 + 4.0 + 4.0 .30 
800 17.87 134.3 2.143 +.012 139.0 +39.5 +39.7 <,0001 
OTer-all 

134.3 

meansi 19.34 108.5 

0 cf 21.84 101.4 1.991 +.014 98,0 at 118 df 
20 21.73 112,7 2.038 +,014 109,1 +11.1 +11, 3 ,02-,01 

200 20.86 97.2 1.987 +,014 97.1 - 0,9 - 0.9 
400 20.77 105.9 2.0?S +.014 105,9 + 7.9 + 8.1 .10-.05 
800 J 18,99 142.1 2.182 +.014 152.1 +54.1 +55.2 <.0001 
Male means So.SI no.a 

0 9 18.18 100.2 2,000 +.014 100,0 at 118 df 
SO 18.22 104.9 2,020 +.014 104,7 + 4.7 + 4.7 .40-.30 
200 18.69 100.6 2.000 +.014 100,0 0.0 0.0 
400 17.99 101.2 2,005 +.014 101.2 + 1.2 + 1,2 
800 T 16.81 127.0 2,109 +.015 128,5 +28.5 +28,5 <.0001 
Female means 17.97 106.3 

^Geometric means 
Adjusted to the mean 60-day body weight 
Ŝignificance of the difference between adjusted means; 0-20r> 0-?00r, etc. 
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Spleen weight. Sex means by dosage. Over-all 
means shown vdth + one standard error, Each 
set of values adjusted to Its respective constant 
60-day body weight. 
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Table 31, Spleen Weight and 60-day Body Weight Means} by Strain and Dosage 

BB 

Bose ; 
T 

Strain 
ObserTed 
Body wt, 
grains 

raeajiŝ  
S. wt, 
mgs-. 

Ad J , means 
Spleen wt, 

log 

2 
S.l, 

M.t, laeanŝ  
Spleen wt, 

mgs. 
Change 
mgs. 

from Or 
i 

p3 
le-rel 

0 11 94.55 94.9 1.977 +.031 94.8 at 38 df 
so S4»74 193.0 9,092 •̂.OSl 193,6 +98,8 +30.4 ,09-..01 
soo 96. S7 119,0 9,060 •̂ *,034 114.8 +90.0 +91.1 *ie-.05 
400 93, 47 115.5 9,057 +.039 114.0 +19,9 +90.3 .10-.05 
800 •* 93.96 144,0 9.151 t.039 141.6 +46.8 +49.4 <.0001 
Strain means 4̂.41 116.8 

<.0001 

0 z 90.10 87,6 1,946 +.094 88.3 at 38 df 
20 91.11 94,3 1,953 +.094 89,7 + 1,4 + 1,6 
soo 19,95 83,1 1,944 +.094 87,9 - 0.4 - 0.5 
400 90.49 87.9 1.936 + .094 86,3 - 9,0 - 9,3 
800 90.96 119,0 9,048 +.094 111,7 +93,4 +96,5 ,01-,001 
Strain means f5'.W 99.3 

0 S 19,81 115.1 9,049 +.093 111.9 at 38 df 
90 19.19 139,1 9,199 +.093 139.4 +90,5 +18. 3 ,05-.09 
900 18,85 197,5 9,119 +.093 199,4 +17,5 +15.6 ,10-,05 
400 19,81 191,6 9.079 +.093 118,0 + 6,1 + 5,5 .50-.40 
800 18,37 157,4 9.914 +.093 163.7 +51,8 +46.3 <,0001 
Strain means 19,18 130,0 

^Ge©metric means 

^djtiated to the mean 60-day body weight 

^Significance of the difference between adjusted n^ans; O-^Or, O-^Or, etc. 
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fabl® 38. Spleen Weight and 60-daj Bodj Weight Meansj bj Strain and Dosage 

Bos® Strain 
r 

Observed 
Body wt. 
grams 

a®anâ  
S« wt. 
lags. 

Adj. J«©i®s' 
Spleen wt, 

iog 

3 

S.B. 
Adj. meanŝ  
Spleen 

tags. 
Change 
mgs. 

from Or 
1,3 

level 

0 E 17,08 87.4 1.944 4-,024 87.9 at 38 df 
20 17.19 78.1 1.896 +.025 78.7 - 9.2 -10.5 .20-,10 

mo 17.31 78.5 1.899 7.025 79.3 - 8.6 - 9.8 .20-.10 
400 16.21 82.7 1,915 T.024 82.2 - 5.7 - 6.5 .50-.40 
800 1S,4S 10S.8 2,021 ?.026 105.0 +17.1 +19.5 •

 
0
 

1 » o
 

CO
 

Strain meanâ  16. 86.1 

0 L 19.SO 106.0 8,0'24 4-.036 105.7 at 38 df 
20 19.05 114.1 2.056 +.035 113.8 + 8.1 + 7.7 .60-.50 
goo 17.84 87.6 1.943 "f-.OSS 87.7 -18.0 -17.0 .20-.10 
400 17.93 96.7 1.986 +.035 96.8 - 8.9 - 8.4 .50-.40 
800 17.50 149.7 2.177 .̂036 150.3 +44.6 +42.2 .01-,001 
Strain means 18.27 108.9 

0 Ba 19.57 118. 3 2.045 +.024 110.9 at 38 df 
20 18.98 121.0 2.066 -I-.023 116.4 + 5.5 + 5.0 .60-.50 
200 0̂.05 114.7 2.092 + .024 105.2 - 5.7 - 5.1 
400 18.91 1̂ 5.7 2.084 +.023 121.3 +10.4 + 9.4 .30-.20 
800 14.11 144.5 2.258 +.035 181.1 +70.2 +63.3 <.0001 
Strain means 18.18 124.4 

Ĝeometric means 

%d jus ted to the mean 60-day body weight 

Ŝignificance of the difference between adjusted meansj O-'̂ Or, O-̂ OOr, etc. 
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Figure 19, Spleen weight. Strain nreans by dosap-e, 
Each set of values adjusted to its re
spective constant 60-d.ay body weight. 
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th» controls# but less significantly than in the other strains. 

fh® significant 90r incraas® is maintained throughout by 

strains HI and S, while only a minor Increase and recession 

oeeurs in strain z at the lower doses. Strains L and Ba show 

increases of 7.? per cent and 5.0 per cent, respectively# at 

90r> bat these are not significant changes. Both strains 

show m recession to below the control weight at 200v$ which 

is followed by a steady rise toward the SOOr level. Although 

the Increase in spleen weight at ̂ Or is generally manifestn 

It is statistically significant in only two strains, HI and 

S» where increases of 30 per cent and 18 per cent have 

occurred. 

Confirmation of th© SOr reaction can be seen histo

logically, Investigations being carried out in this laboratory 

clearly Indicate that# on th© average# there Is an increase 

in total whit® pulp at 20r# followed by a decrease at all 

other doses. In addition# a sharp Increase In the amount of 

erythro- and ayelo-poiesis occurs in th© spleen after 20r# 

an increase ttoat is maintained and developed further with 

increasing dose. Thus# there is an increased cellularity at 

SOr that would bolster the significance of the gross weight 

increase. The density of the tissue apparently decreases at 

SOOr and 400r due to a partial loss of lymphoid tissue, while 

the gross hyperplasia at 0OOr is primarily due to increases 

in other hematopoietic tissue. Although the knowledge of 

spleen weight aids in the understanding of splenic reaction 
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to Irradlatlonf it would seem that knowledge of splenic volume# 

density# and linear dimensions would be necessary before the 

picture ean b© complete. 

The 20t response observed in the study reported here is 

considered a secondary radiation response that rests on two 

factors* Prijmrllyf the spleen is injured to only a very 

liiaited degree froa this low dose, and, secondly, it fully 

retains its capacity to respond as It would to an InflaMsmatory 

agent, A low grade toxemia is probably existing aa a result 

of th© total body exposure, and this persistent condition 

ha® acted to stlnulate th® normal defense mechaniams of the 

animal body. Th® result is a slight increase in spleen 

weight and productivity# 

Increases in spleen weight at 400r and 800r are also 

considered as secondary radiation response mechanisms. Since 

these weight estlmtes are 20 days after exposure, it is 

felt that they reflect the animal's attempt to overcome the 

initial destructive effects of the radiation. At the higher 

doses, they represent the noraally observed regeneration and 

over-compensation. 

The component analysis findings are given In Table 33. 

Over-all radiation effeets accotmt for 15.5 per cent of the 

variation, while strain and sex differences in radiation re

sponse are nil. fh® basic strain differences in spleen weight 

contribute about 22 per cent to the total variation, while a 

sex difference is barely measured. Environmental variation 
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takes ©ut 68 per c©nt of tli© total, with the EsL ratio being 

2}1 as in th® h»art weight. 

The abs@nc© of a significant value for the ST ooraponent 

la interesting. In the spleen# ̂ er® radiation effects are 

fable 35. Spleen Weight - Component Analysis 

Component of variation Percentage of Absolute 
total variation variance 

s Strain effect 91,8 ,0049346 
• f Treatment effect 15,5 ,0030033 
ST m. Strain x treatrawat effect 0,3 ,000054s 
L » Between litter effect 19,3 ,0037375 
P - Sex effect 0,1 ,0000990 

m — Sex X strain effect S.3 ,0004514 
Ff - S&x X treatment effect 0,9 ,0001890 

¥Bf - Sax X strain x treatment 0,3 ,0000643 
E m Sex X litter effect 39,5 ,0076590 

,0193983 

important, strain differences in response appear unimportant, 

on a relative seal®, "Bi® opposite Is true for the heart and 

kidney weights, Actuallj, the absolute value of the ST com

ponent is nearly of the same raagnltude for the heart, kidneys, 

liver, and spleen. However, while the absolute total vari

ation of the first three organs is slrallar, it la ten times 

as great in the spleen. Consequently, th© ST component of the 

spleen becomes about one-tenth as large as for the other 

organs when expressed on a percentage scale. As a result, the 
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relative importanee of the various components can only be 

ascertained on a wlthin»analysls basla, since between-analysis 

comparisons can be very misleading. The small amoimt of strain 

differentials In response of the spleen may actually be of 

greater biological importance than any of the other strain 

differences# 

festea weight • over»all radiation response 

The results of the study on testes weights are given in 

fabl® 34, Th© weight progressively decreases with increasing 

dosage. The drop at ̂ Or is-not significant, but all other 

decreases are unquestionably so. It should be noted that of 

the laaximum loss of 59.4 milligrams at 800r, 74 per cent of 

thla loss has occurred by exposure to only 95 per cent of that 

dose, and 95 per cent of the loss by SO per cent of the dose. 

ladi»tion response by strain 

As seen in Tables 35 and 36 and in Figure 90# the six 

strains react in a nearly parallel manner and show a dosage 

relationship like that described above. Only in strain S does 

a notable difference exist, wherein the 800r testes weight is 

heavier than at 400r. The observed testes weight at 800r Is 

a few milligrams lighter than at 400rf but the two gram dif

ference In body weight, at these doses, is sufficient to 

bring the adjusted weight of the 800r group above the 400r 

mean weight. Whether this indicates that strain S is capable 
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Table 34» f6it«s Weight and 60»daf Body Weight Means| by Dosag® 

Observed aeanŝ  Adl. means® M.1. aeanŝ  Change 
froffl Or 

p3 
Dose 

T 

S©3C Body wt» 
grans 

T. wt. 
lags. 

Testes wt. 
1<̂  

S.l. Testes" lAm 
mgSrn 

Change 
froffl Or 1©T©1 

0 (f 21,84 1S7.8 2.113 jh.ooe 129.7 at 118 df 

20 SI. 73 130.7 2.092 +.008 123.6 •6.1 -4.7 .10-.05 

200 20.86 86.2 1.934 +.008 85.9 -43.8 -33.8 <.0001 

400 20.77 72.7 1.863 +.008 73.0 -56.7 -43.7 <•0001 

800 18.99 62.6 1.847 +.008 70.3 -59.4 -45.8 <.0001 

Male meanŝ  20.81 93.S 
-

Ĝecfflî tric mans 

2 Adjtisted to the laean 60-daj body weight 

%i©iificanc© of the difference between adjusted means j O-^Or* O-^Or, etc# 
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Table 35, Testes Weight and 60-day Body Weight Means; by Strain and Dosage 

ii III. 

Oha erred, aeanŝ  
Dos© Strain Body wt, wt, 
r grams mgs. 

Adj. ateana' 
feates wt* 

log 
S«"B, 

Ad.1» me an 3  -
T®st©s 

lags. 
wt» Change from Or 

»gs»  ̂

p5 
level 

0 HI S6,45 133.9 2.119 +.016 131.5 at 18 df 
20 96.58 134.3 2.084 7.016 121.3 -lO.S - 7.8 .20-.10 
300 27.87 93.8 1.935 +.017 86.1 -45.4 -34.5 <.001 
400 25.09 66.1 1.844 +.016 69.8 -61.7 -46.9 <.001 
800 , 24.72 61.7 1.823 ±.016 66.5 -65.0 -49.4 <.001 
Strain means 26.12 91.4 — 

0 Z 21.78 139.6 2.135 +.012 136.5 at 18 df 
20 22.94 138.8 2.106 +.012 127.6 - 8.9 - 6.5 .20-.10 
200 19.06 80.1 1.962 +.013 91.6 -44.9 -32.9 <.001 
400 21.69 86.5 1.929 +.012 84.9 *51.6 -37.8 <.001 
800 21.51 76.4 1.880 +.012 75.9 -60.6 -44.4 <.001 
Strain means 21.36 100.5 "" 

0 S 22.02 189.0 2.254 +.014 179.5 at 18 df 
20 21.34 169.1 2.222 +.013 166.7 -12.8 - 7.1 .20-.10 
200 20.50 98.2 2.008 +.013 101.9 -77.6 -43.2 <.001 
400 21.98 93.1 1.947 +.014 88.5 -91.0 -50.7 <.001 
800  ̂ 19.80 90.4 1.990 ±.014 97.7 -81.8 -45.6 <.001 
Strain means <§l.li 121.4 "" 

•••Geonietrlc means 

Âdjusted to the xaean 60-day body weight 

Ŝignificance of the difference between adjusted mans; 0-204, 0-200r, etc. 
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Table 36, Testes Weight and 50-daj Body Weight Means| by Strain and Dosag© 

Bos© 
r 

Strain 
Observed 
Body wt, 
grams 

meangl 
T* wt, 
«gs. 

Adj. means 
Testes wt. 

log 

2 
S.E. 

Adj. mesnŝ  
Testes wt, 

mgs. 
Change 
rags. 

from Or 
% 

l»3 
level 

0 E 18.42 105.2 1.990 +.023 97.7 at 18 df 
20 18,43 103.8 1.983 4-.023 96,2 - 1,5 - 1,5 ,90-,80 
900 18.36 76.2 1.852 •I-.023 71,1 -26.6 -27, t <,001 
400 17.16 53.1 1.745 +.023 55.6 -42.1 -4S,1 <,001 
800 15.91 44.8 1.726 + .024 53,2 -44.5 -45,5 <,001 
Strain means 17.63 72.3 

0 l 21.53 115.2 2.013 + .031 103.0 at 18 df 
20 21.31 102.1 1.967 + .031 92.7 -10.3 - 1,0 ,30-,20 
200 18.78 60.7 1.818 +.031 65,8 -37.2 -36,1 <,001 
400 19.10 54.0 1.756 +.030 57.0 -46,0 -44,7 <.001 
800 1 18.83 45.3 1.689 +.031 48,9 -54.1 -52,5 <,001 
Strain msans u.di 70.6 

0 Ba 21.56 160.1 2.173 +.012 148.9 at 18 df 
20 20.63 161.1 2,191 +.012 155.2 + 6.3 + 4,2 ,30-,20 
200 21.93 119,7 2.040 +.012 109.6 -39,3 -26,4 <•001 
400 20.48 96.7 1,972 +•012 93,8 -55.1 -37,0 <,001 
800 14.38 69, 4 1.940 +.017 87,1 -61,8 -41,5 <,001 
Strain means 19.71 115.7 

Ĝeometric means 

^^djusted to the msan 60-day body weight 
3 
Significance of the difference between adjusted means; 0-20t, 0-900r, etc. 
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of resisting further organ weight loss in spite of body weight 

loss cannot be stated with eertaintj. 

Th® eomponent analysis of testes weight. In Table 37, 

underlines the magnitude of th® radiation effect and th© simi

larity of the strains in their response. Less than 2 per cent 

of th© variation is du© to strain differences in response, 

while 50 per cent Is due to th© general effects of the radia

tion, k basic 35 per cent of th® variation lies in strain 

differences in testes weight, and the remaining 13 per cent 

la attributed to random variation. 

Component Analysis 

SBSttEBSSB8BSSttBBBB9SBCHBS8nBSEB80BnHtSBnB!B8S8SMKB8B8MBdBlHn8HB8MM 

Percentage of Absolute 
total variation variance 

S - Strain effect 35.2 ,0097855 
f - Treatment effect 50,0 ,0139127 
ST - Strain x treatment effect 1,8 ,0004974 
L - Between litter effect 13,1 .0036350 

,0S78306 

The weight loss of the testes following irradiation has 

been attributed to th® cessation of spermatogenesis and pro

gressive loss of the germinal elements (Sschenbrenner and 

Miller, 1950), They have shown that it is the sperraatogonlal 

cells which are affected by the radiation, the other germinal 

cells being resistant. Mature sperm continue to develop from 

Table 37. festes Weight -

Coĵ onent of variation 
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the priJHai»y sperinatocjte stage and on, but spermatogonia cease 

to produce prlraary spermatocytes# As well, these authors 

noted tt Mgh correlation of weight loss with dosage from 50r 

to 400i» in Mice and concluded that the testes are excellent 

material for qusntitatlve radiobiological studies. 

The rapidity of the loss, and Its reverse multiplicative 

nature. Is emphasised in Figure Sl» In this gpaph, dosage 

has been transfoinaed to a logarlthraic scale, so that the 

weight and dose relation is now on a log-log basis. The 

linear relationship is obvious between 20r and 800r, but it 

cannot b© Integrated with the control weight. 

fhe observed linearity of the dosage relationship has 

been used to deterwiln© the possible existence of strain dif

ferences in sensitlvitj, as measured by the value of the re

gression. The minor differences in slope that exist are not 

significant, This indicates a uniforra sensitivity of the 

germinal tissue regardless of known differences in the in

volved genotypes. The weight loss is assumed to be a primary 

destructive response, fh© regressions, standard errors, and 

correlations are given in Table 38. 

fh© decline of testes weight with Increasing dosage can 

be Bsade to fit a sinqjle exponential curve. In order to do 

this, a constant weight must be removed from the mean testes 

weiglrts. This constant, which differs for each strain, la 

approxiiMtely ©tual to the value towitrd «lilch the weights are 
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asymptotlng at 800r (see Plgiir® 20)* The adjusted testes 

weights are usdd in this procedure, "Phe removal of a constant 

weight from eaeh adjusted mean is consistent with the assump

tion of the existence of a constant quantity of testicular 

fable 38, Regressions and Correlations of Testes 
Weight on Dosage, Logarithmic Scale. 

Strain Hegresslon S.E. Correlation 

11 -.1694 +.0173 -.990 
2 -.1397 +.0040 -.999 
S -.1655 +.0440 -.936 
1 -.1667 +.0941 -.980 
I, -.169S +.0120 —.995 
Ba -.1S99 +.0090 -.997 

Avg -.1602 +.0140 — 1,999 

tissue that either is not destroyed or is not susceptible to 

destruction at the given doses. This general procedure for 

correcting values to fit an exponential has been described 

by Price ®md (lowen (1937) in deriving exponential survival 

curves of tobaeeo mosaic virus after ultra-violet radiation. 

The equation for the exponential curve Is: 

y « + G, 

where Y is the testes weight, a is the y intercept, C is the 

estimated constant removed for correction# k is the slope 
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eonatant, D Is dosage, and © is the basis for natural loga

rithms, The logarithm of the quantity (Y-C) is plotted 

against dosag® on an arlttaietlc scale. When the best estimate 

of 0 is mad®, a nearly straight line results. These plots are 

given in Figure 22 and the resulting ejcponential equations are 

gi'̂ en in Table '59 • 

fable 39, Exponential Equations of Testes Weight Loss 
with Dosagej Derived from Corrected Weights. 

Strain Equation Correlation 

HI Y » + 66.2 - .998 
Z Y « 58,8e-*005i3D +75,0 - .995 
S» Y a 94.8e--00»®6D ̂  85.5 -1.000 
E Y a §1.30-.0069515 + 53,0 - .996 
t Y a 50.9®-»004̂ 0D + 47 ,4  .  .998 
Ba Y a + 86.6 - .998 

Avg. Y * 60.5®"+ 70.1 - .999 

•̂ Derived from 0-400r data only-. 

The linearity of the fit is obvious from the consistently 

high correlations. The slope constants# ranging from -.00440 

to -.00866, again indicate the almilarity of response of the 

different strains. As the 800r value for strain S would not 

fit the curve, only th® first four dosage means have been tĵ ed 

for deriving th# equation for this strain. 

The value of C, on the average, la equal to 52 per cent 

of the control weight, ranging from 46 per cent to 58 per cent 
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for fh# ®ix strains. Thus, twenty days after exposure, approx-

iraa.t®ly 50 per cent of the testicular tissues remain either 

uninjured or incapable of being injured. The latter would 

include the interstitial and supporting tissues,. 

Eschenbrenner# et al., 1̂948) have shown the interstitial 

tissue to be resistant# although It makes up only about 5 per 

cent of the normal testes weight, The remaining portion would 

be resistant connective tissues and uninjured germinal tissue, 

fhe exponential decline in weight clearly fits the single hit 

theory re-s-iewed by Iiea (1947), Apparently, the loss of 

germinal tissue is due to a constant relative rate of sperma

togonia! death with increasing dosage. 

These same ilx strains of mice have been showi to re

spond to x-ray In an exponential manner on the basis of 

several other criteria, Gowen and Zelle (1945) observed an 

exponential reduction of survival from mouse typhoid after 

irradiation, &ow©n (1948) had Indicated that the total leuco

cyte count 1® exponentially reduced by x-irradiation. The 

slope constants derived from these different responses are 

considerably lower than those for the testes weight, Howaver, 

since different time factors are involved, straight compari

son cannot be M.d®, 

Integration of organ weight response to irradiation 

A single sample of the organ weights leaves unanswered 

the most essential clues to relative liaportance; the rates. 
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tlmss# and magnitudss of organ weight loss and recovery. An 

attempt to overeoia© this d«flGi©ncy waa aiad® by exposing an 

additional group of the most susoeptible mice (strain Ba) to 

SOOr. Four tmlrradiated lltt®r»pairi of one male sffid one 

female mr® killed at 40 days of ag® as controls. At the 

ages of 4.2, 45, 50# and 55 days, four irradiated litter-pairs 

were killed, ©Jiposur© having been mad© at the age of 40 days. 

The result® are given in Figure S3. 

The percentage change in body weight is n»asured from 

the observed initial weight, while organ weight changes have 

been determined from a calculated expected initial weight, 

fhis was aecoiaplished by determining the organ jbody weight 

ratios in the 40-day controls and then estimating the 40-day 

organ weights of the Irradiated siice by equating the control 

ratio to the termt x/observed 40-day body weight, The 60-

day points are estiaated on the basis of the full study re

sults, but they are no more reliable than the others since 

the 40-day estiamte. is the controlling factor. 

The data of Figure 23 show that the heart and kidneys 

lose proportionately less weight than the whole body from the 

second post-irradiation day and beyond. The liver fluctuates 

with the body weight loss. The weight of the testes declines 

very slowly at first but is apparently in a continued phase 

of loss throughout the SO-day Interval. The spleen is 

strikingly reduced in weight to 21 per cent of its initial 

weight in two days and to 17 per cent in five days. Tame 
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r®eovBTj doss not start wntll at least the tenth post-irradia

tion <3ay» The r«eoT®ry is rapid in the last five days# and a 

20 'Pwr c#nt ov®r-©omp©nsation occurs. 

Since loss and recovery of weight of th© heart, kidneys# 

icnd liwr ar® concomitant to th© body weight response# some 

of the strain differences may result from a varying resistance 

tO' thif. intuitional type of loss# or to a greater ability to 

return to normal. Specific responses# such as a cardiac 

hypertrophy, would b® super-imposed on the above reactions, 

tJnfort«nately» this brief study throws little light upon the 

problem of increased liver size 90 days after irradiation, 

fhe testes response confirms the assumption that this organ 

is still in a primry effect phase, the expression of which 

is apparently Independent of genetic factors, A study of the 

recovery of testes weight# however# would permit genetic dif

ferences in regenerative capacity to become expressed. 

Thus# only the spleen has gone through a series of 

changes that can permit clear expression of genetic differ

ences in response, Although the aaxiaura loss and recovery 

rate factors are not known# the stage of recovery and re

generation is reflected in the data, O-enetic differences ob

served in splenic response are probably of th© greatest im

portance and should be elucidated over a complete range of 

dosages# ftges# and time intervals# The importance of the 

spleen in radiation response ind resistance is emphasized by 

th© post-irradiation therapy studies of Cronkite# Brecher# 
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a«d CfeapMH {1951b) aod the sple®n-shleldlng studies reviewed 

by Jftoobson C195S), 

Althougli on© of th® original purposes of the Investiga

tion was to study the organsbody weight regressions and cor

relations# these have provided nothing of substantial or un-

equlvocable biologieal value. Similarly, the inter-organ 

partial correlations gave no definite Indication of organ 

ohanges not otherwise observable. These regressions and cor

relations are given in Appendix A, 

In Figure S4, the adjusted meana# at each dosage level, 

are averaged for the three resistant (HI, z, s) and three 

suseeptibl© CE, %,$ Ba) strains. Resistance and susceptibility 

are based on the body weight response previously described. 

fhe most obvloua difference between these two groups of 

ffiiee lies In the basic body weight difference. The resistant 

mice are Initially, and throughout, heavier than the sus

ceptible mice. Between 400r and 800r, the susceptible mice 

lose a greater amount of weight than the resistant mice, but 

below 400r the reactions of the two groups are similar. 

The heart, kidney, and testes weights run in an essen

tially parallel manner in both groups. The consistent dif

ference between the organ weights of the two groups is merely 

a reflection of the average body weight difference and does 

not reflect a response difference. The liver weight of the 

susceptible oilce shows a greater average Increase at SOOr, 

but thay are parallel to the resistant mice from Or to 400r. 
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In the eontpoli# the splsans of the suseeptible mice are 

a little hesTlej* than those of the resistant mice, Indicating 

a eonsiderahle difference in relative weight. In spite of 

this initial advantage, the staseeptibles are much less capable 

of favorably responding at SOr# possibly indicating that their 

noraal defense Meehanisas are not able to respond as actively 

to stress. At 900r, the susceptibles are below their control 

weight# #iil© the resistsffit mice are maintaining the SOr in

crease. Between SOOr and 400r, the susceptible mice increase 

as the resistants decrease to a alight degree. The latter are 

still above their control weight, while the susceptibles have 

not yet regained their control weight. The 300r response is 

greater in th© susceptible mice, and they again become heavier 

than the resistant mice. At ̂ Or and 400r, the susceptible 

mice apparently show a poorer degree of regeneration, while 

at boot genetic differences are lost. This latter point is 

Illustrated by the perfectly parallel lines that would connect 

the Or and SOOr weights of the two groups. 

The necropsy records that were obtained were not suffi

cient to show #iether strain differences existed in the in

cidence of characteristic lesions. Neither was it always 

possible to determine the immediate cause of death. The most 

frequent gross lesion was a pulmonary hemorrhage with a 

pleural effusion. The sternal and costal marrow cavities 

were sharply defined, due to either early congestion, subse

quent hyperplasia, or both. The spleens appeared atrophic. 
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while the livers w#r# occasionally r@due®d in siza* sometimes 

to nearly one-half normal size. Th© hearts and kidneys wero 

usually unaffected. Th® »s®nt®rie> superficial inguinal, 

and auxiliary lymph nodes appeared atrophic and wer® occa

sionally hemorrhagic. Grossly# the appearance of th® small 

Intestine Taried from an anemic through normal to a hyper-

eaic Stat®#, Peyer*® patches appeared hemorrhagic and atrophic# 

fetechial heaorrhages sometimes were seen in the dorsal in-

teguiaenti the certbrum# cerehellum# and medulla# Suffuse 

hemorrhage was oceaiionally seen following the lines of th© 

folds of th© gastric mucosa# Massive hemorrhage was seen on 

only one occasion when death clearly occurred from an in

testinal perforation and hemorrhagic peritonitis# 

fh© presented data on body and organ weights have clearly 

indicated t!mt genetic differences in radiation response do 

#:Klst# For the most part, these are quantitative differencesj 

though qualitative differences in response have been pointed 

out. It la felt that the observed differences are Important 

enough to cause an extremely variable response to irradiation 

If a tight control Is not placed upon the genetic quality of 

the essperimental anlwals# 
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Discussion 

The body weight data of this investigation ai»© of suffl-

eient eontlnulty and r̂ liabUlty to permit conception of 

e®rt.aifj theoretical considerations# Sine# these data are'of 

a gross nature* the qmestions of th# physiological or cellular 

basis of the genetic differences cannot b© discussed in posi-

tlTO terms* Rather* It is hoped that the biological area of 

th.es© differences can b® outlined, and tha.t an Integrated 

theory of th# biological basis of th@ radiation response can 

b® put forth. 

The body weight itself has bsen considered a factor in 

r«aistane@f although this rests on contradictory evidence. 

%uaatl®r (1945) and Quastler, et al« (19S1) showed that the 

heavier aice had a greater survival time than the lighter 

wic© after x-irradiatlon# Abraias (1951) denied a weight 

affect upon survival rate that could be considered independent 

of age. He did not mention survival time, however. All of 

these studies involved suf'flcient data to give reliable re

sults, but in the study by Abrama, the weight range In the 

ag® groups of mle© x-rayed was narrow. For example, hia 45-

day-old mice ranged from 16-21 grams, the 60-day group from 

18,5-St,S graaa. This narrow rang# may have accounted for 

the absance of weight effect. 



www.manaraa.com

-119 

flageni gjb (1944) demonstrated a greater resistance 

of heavier rabbits to th® lethal effects of x-raya# Ely and 

loss (1947), studying rats e3jposed to neutrons, showed that 

heaTj rats were mor® resistant than light rats, when both 

groups w«r@ of th« aam® ag®# Maiwan (1949) haa alao shown 

that heavier rats resist the lethal effects of x-ray in th© 

dose range of SOOr to 500r« 

Several featurei of the present investigation confirm 

th© hypothesis of greater resistance with greater weight. 

It has been pointed out that the three resistant strains are 

heavier wiee on the average than the three suseeptibles. 

fh® correlation between the ©stinated resistance levels and 

th® observed initial weight® of these six strains is +,201» 

In other ̂ rds# about 4 per cent of the genetic variation in 

body weight response is related to initial genetic variation 

in body weight. 

Further substantiation lies in the between-strain re

gressions and correlations of weight chMige on Initial weight# 

within each age and dosage level* fhese are given in Table 40. 

it Or# SOr# and "̂ OOr, these regressions and correlations are 

always negative# that la, the heavy strains have a lower gain 

than th© light strains. At ̂ Or, #iere definite weight losaea 

Initially occur, th® heavier strains are losing more weight 

than the others. 

At 400r and 800r» the reverse ia true. Over the first 

ten days# th© heavier strains are actually losing less or 
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galnlng mom than th® light ones. This condition is maintained 

thp'owghout the 20-day period at SOOr, while the approach to 

full reeowry at 400r is kê moted by a retiirn to a normal nega-

tl¥@ interrelationship of gain and weighfc, These positive 

Table 40» Between-Strain legresslons and Correlations 
of Weight Change on Initial Weight 

Dose Weight ehangt interval (days) 
40-41 40*42 40-46 40-50 40-55 40-60 

Or b —# 00̂  -.OOS -.055 -.053 —. 14S -.s-a? 
r —»069 -.020 -•438 -.399 -.662 -.703 

SOr b — tOOS -.031 -.045 -.051 -.088 -.037 
r -•174 -,3S6 -#S99 -.291 -.376 -.153 

200r b -•024 —.030 —.038 -.094 -.148 -.148 
T -.370 -.5124 —» S85 -.465 -.624 -.589 

400r b 4-.0S4 +.043 +.030 -.023 -.067 
T •4-.367 +.379 +.S89 +.133 -.078 -.223 

800r b -*>.059 •I-.005 +.116 +.095 +.136 +.161 
r +.539 +.024 +.300 +.149 +.138 +.189 

values, at th® higher doses, emphasise th® ability of the 

genetically heavier strains to resist weight loss and enter 

a phase of weight recovery to a greater degree than the lighter 

strains. 

Evidence that, within the strains, heavier nice tend to 

b© aore resistant is provided by the average within-strain 



www.manaraa.com

—XSl"" 

betwsen-litter regressions and correlations, given in Table 41, 

Tha regressions and correlations, at each ag© level, from 

Or to 400r are noticeably similar. Thus, in normal growth and 

under th© effects of x-ray up to a dose of 400r, the heavier 

lale® in a strain can be expected to gain less or lose more 

Table 41, Between-Litter Regressions and Correlations 
of Weight Chang© on Initial Weight 

Dose Weight change interval (dava) 
• 40-41' 4O-4240-4S 40-50 40-55 40-60 

Or b -,079 —,094 —, 3̂ 0 -,359 -.443 -,580 
r -,434 -,369 -,679 -,814 -,87S -,907 

20r b -,081 *,123 -,277 -,376 -,457 -,541 
r -,475 -,488 -,760 —,8S0 -,812 -,832 

900r b -,072 -,074 -,181 -,195 -,268 -,363 
r -,389 —, 340 —,569 -.438 -,488 — ,595 

400r b -,098 -,105 -,204 -,3S0 -,395 -,489 
r -,484 -,496 -,567 -.747 -,784 -,827 

800r b -,061 —,045 +,004 -,063 -,̂ 24 -,313 
r -,S74 -,171 -̂ ,011 -,143 -,365 -,465 

weight. However, at 800r, the regressions are consistently 

lower, snd five days after exposure it becomes slightly posi

tive, Indicating that during the early period of recovery, the 

heavy nice ar® showing a greater gain or lesser loss than the 

light mice. 
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Sine® naarlj all the strains# at 400r and SOOr, hav© 

tnteiwd a phaa© of weight reeoverj hstwsen th© second and 

fifth post-iri'adlatlon days# this, intepval should b® a crit* 

leal one for d̂ teraining th© ability of heavy mice to respond 

mor® faTOrahly, The batwŝ x-litter regressions are: for 

400rf ••0991 for, 800r# +»049» fhe respective correlations 

ar® •#414 and Thus, at this turning point ag© interval* 

th© heavy mie® of a strain are definitely recovering more 

adequately at 800r« 

There seems to be no clear-cut reason for this capacity 

of larger aie© to respond less severely to irradiation# 

Sine© this situation exists within a homogeneous group of 

mice# it laay be that environmental features which enabled the 

mouse to attain a greater weight at a given age may be re-

fleeted in the mouse's ability to withstand injury to a 

greater degree# fhe greater weight may also reflect a more 

complete state of maturity, in spite of chronological age 

similarity# The aor® mature laie® are known to be more re

sistant# Quastler (1945) and ibraias (1951) both agree on 

this point# 

Howeverj since heavier strains also show greater re

sistance# th© point of environmental factors becomes in

adequate# as environaental fluctuations should be the same 

within all strains# Whether or not# at a given age# the 
<• 

greater weight of a strain reflects a higher state of maturity 
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of th# heaviest strain, 11* wjuld not support this contention. 

This leaves two postula tions# It can be logically as-

iU33»d that heavier mice# whether within a strain or as a 

strain in themselvesi du© to this greater weight# have a 

greater tissue reserve# If a given dosage of radiant energy 

fflust destroy a given proportion of the total tissue, the 

larger animals may be better able to spare this tissue with 

less serious effects# This would be particularly true if the 

heavier anifflals had proportionately greater muscle mss and 

fat deposition, #iich, through depreciation, could provide the 

energy for physiological maintenance during the acute period 

of radiation response. 

Secondly, it can be postulated that a certain degree of 

unanimity exists in the genetic factors controlling growth, 

body weight, and a resistance to irradiation# Obviously, and 

unfortunately, these postulates cannot be extrapolated to 

other species, since existing data indicates that heavier and 

larger species are generally more susceptible to exteimal x-

irradiation# 

The characteristic weight response has been the subject 

of investigation by others in an effort to determine its 

physiolo-gleal basis# A decreased food intake always parallels 

the weight losses# Prosser (1947) and Kirschner, Prosse, and 

Quastler (1949) reported that greater losses occurred in 

irradiated dogs than in those kept on a food allowance 
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®qiilval#nt to what th® Irradiated animals eonsumed. An In

creased rat® of protein catabolism was considored to make up 

th« diff®r®ne«. 

lag®n, et al» (1944) belidvsd that decreased food intake 

of x-rayed rabbits aeeownted for th© weight loss# but offered 

no control data for eomparison, Ely and Ross (1947), in 

neutron irradiated rat®, found that th© weight loss was the 

aiae in unirradiated and irradiated animalŝ  when the food 

intake of the former was limited to that of th© irradiated 

rati. RecO'Wry was complete only in the unirradiated group, 

how®Ter» 

If unirradiated rats are fasted, then the weight loss is 

equivalent to full-fed, irradiated aniraala CSmlth* D, E., et 

al», 1951), but fasted mice may lose more weight more rapidly 

than irradiated mice at doses in the lethal range (Sralth, W. W,, 

et al,i i95S;)» In addition. Smith, D, E,, et al» showed that 

combined starTation a«d irradiation caused no greater weight 

loas thm irradiation alone. It would aeem, then, that ?iftiat-

ewr food is consuaed is virtually unutilized to combat 

weight loss» Apparently, irradiated anlaala are in a trans-

iient period of complete star-ration# 

There ig eomplet© agreement between many investigators 

on th© existence of a short period of increased gastric re

tention following irradiation# This ha.s been seen by Leltch 

(1947) and Ely and loss (1947) in neutron Irradiated rats. 
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and it was stated to last for two or three days after ©xposur©# 

Bennett# @t (1951) obs®rT®d an Increased retention in ale® 

at SOOr of ,x-ray# a® did Smith# W. W,, 6t_ al» (1952) in the 

sam® speeies at the saae dos©-, Th© latter authors noted that 

the gastric eontents were" static for the first three days after 

exposure# Soodman, Lewis# and Sohuck (19513)# In a study on 

rats exposed to 450r of x-ray# deaonstrated that the maxlamm 

retention o-ecurred 48 hours after exposure# then slowly re

turned to noraal. 

It Is obTiotts that the periods of gastric retention and 

weight loss are eoineident* It is likely that this retention 

ereates the eondition of starvation# even irtien food ia being 

ecaisuHied# Since foree-feeding was shown to be of no help# 

and was even detrimental (Smith# W». W.# ejfc al,# 1959)# the 

decreased food intake that follow® irradiation ia probably 

the animal's expreesion of diminished desire to consume food. 

Because of the progressive nature of the reaction# it is un

doubtedly a secondary effect resulting from neural or humoral 

stimuli* Variation in the tla©# degree# and extent of occur

rence of this retention may be responsible for some of the 

genetic differences in weight response. Strains that re-

eover quickly may show a minimum degree of retention that is 

rapidly overcoi», 

Conard (19il) has demonstrated an increased motility of 

the small intestine of rats exposed to x-rays soon after ex

posure, By the third hour# however# the propulsive motility 
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Is reduced to below normal, remaining there for about three 

days, fhe Increase in motility was shown to be due to a stim

ulation of the parasympathetic nerves at the level of the 

enteric ganglia, (loodmanj et al« (195S), however, found in

testinal aotility unaffected, and assumed that a decrease in 

intestinal contents was a reflection of the gastric retention, 

Bennett, £t al, (1951) could not demonstrate any change of ab

sorptive ability of the small Intestine with respect to pro

tein, although Curtis (1951) reported a complete inhibition of 

glucose absorption in the rat four hours after exposure to 50r. 

¥arla.tion in alterations of intestinal motility and absorp

tion ability may also be basic to genetic differences in re

sponse, but these may be of leaser importance. 

Jennings (1949) observed a sharp reduction in the JjI>5Q/3o 

of rats on a low protein diet. Strain differences in response 

could exist, if unavoidable dietary deficiencies occurred in 

strains with excessive requirements that are not being met 

by the standard feeds, 

X-lrradlatlon can also create a state of partial physio

logical hypophyseetomy, as shown by Denniston (1949), He 

created a definite growth retardation in rats by local irradi

ation of the pituitary gland, Selye (1946), whose General 

Adaptation Syndrome can be loosely applied to irradiation 

effects, considered that a stressor-induced increased 
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ppodtaction of adpeno-cortiootropic iiormones from the anterior 

pituitary occurs at the expens© of other homone production. 

This Ineludes a decreased output of growth hormones, lllinger 

(1948) assufflidd that the adrenal gland is vital in radiation 

resistance, and that adrenal-cortical reactions may be re

sponsible for many radiation responses. If an adrenal in

sufficiency resulted# death followed. Edelmann (1951) was 

able to increase surTival of rats, at 800r, from 10 per cent 

to 65 per cent by lead-shielding the adrenals, indicating that 

direct effects of radiation are also important in this organ. 

Some genetic variation in growth and body weight response may 

arise from intrinsic differences in hormonal reactions that 

result tTom indirect radiation effects. 

The si:x strains employed in the investigation have been 

studied In some detail with respect to their resistance to 

mouse typhoid (Gowen and Calhoim, 1943j Oakberg, 1946j Weir, 

1949). Their twenty-one-day survival values, after intra

peritoneal inoculation of 900,000 live organisms of Salmonella 

typhlmuritm for all strains, are stammarized by Thompson (1951) 

on data collected in the period 1940-1950# The correlation 

between the typhoid survival values and the estimated radia

tion resistance to weight change is +.843, In addition, 

Jacobson and Marks (1947) reported that National Institute 

of Health alee, #iich are considered as radiation re

sistant, are also resistant to mouse typhoid and pneumonia. 
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a®n©tic differ©nc6s In the reaction to typhoid, at the 

cellular le-̂ el, may b© basic to th© correlation of radiation 

and disease resistance, Oakberg's (1946) histological ob-

sertratlons indicated that the livers of resistant strains are 

better able to wall off typhoid lesions, while the uninjured 

cells retain their ftinctional integrity for normal glycogen 

storage# Th© stjsceptible mice showed diffuse degenerative 

ehsngas of the hepatic cellsThis indicates that a cellular 

reels tanc© to the bacterial toxins and degradation products 

of necrotic tissue is an important factor. The toxic effects 

of irradiation are at least similar to those from phosphorous 

poisoning (llllnger, 1945) and may be similar to those of 

Infectious diseases. The combined resistances to irradiation 

and bacterial infection may find its genetic basis in intrin

sic cellular capacities to resist a toxic environment and 

maintain a normal state of metabolism. 

In summary, the body weight response has been showi to 

depend, to a small degree, upon the initial weight of the 

animal, The weight loss is considered primarily a function 

of decreased food intake which is reflecting a gastric stasis. 

The absorptive ability of the small intestine is probably not 

severely impaired, but th© gastric retention is preventing 

the normal movement of nutrition to the absorbing surfaces. 

Some effect may result from altered assimilation processes 

and from th© basic nutritional state at the time of exposure. 

Endocrine factors may also be entering, as well as cellular 
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dlfferences In reststane® to degenerative changes. The rate# 

tiM@i and, eofflpl®t@n®s® of weight recovery, as they differ 

from strain to strain, my reflect underlying differences in 

the strain's ability and capacity to overcome knowi physio

logical and cellular changes# These considerations assume 

that the primary effects of irradiation are nearly constant 

for all strains. However, Induced primary changes, through 

death or abnormal metabolism of the containing cell, may alter 

an uninjured c©ll*s ability to maintain ita statua quo. 

In conclusion, genetic variation in radiation response 

is assumed to be expressive in the secondary or indirect 

effects of the radiation, At the cellular level, the varia

tion in reipons© will lie in the genetically determined 

capacity of a cell to resist induced detrimental environ-

fflental influences so as to regain its normal T!»tabolic activity 

and/or turn to regenerative processes. 
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SUIMARY AND COKCLUSIONS 

Six genetically differentiated inbred strains of mice 

have been eicposad to total body x-irradiatlon at an age of 

40 +3 days# Equal niaabers of mice of eacb sex and strain were 

exposed to Or, 90ri 200r, 400r, and 800r. Body weights of all 

mice have been obtained throughout a 90-day post<»lrradlation 

period. At the end of this period, the weights of the heart, 

kidneys, liver, spleen, and testes were obtained* The re-

sultE of this investigation permit th© following conclusiona. 

1, There are positive genetic differences In the body 

weight response of mice subjected to total body x-irradiation. 

9, lfh,@n considering the entire population of mice em

ployed, th® genetic differences in response become tnaximxim 

15 days after exposure. At the aaximuui, this genetic varia

tion amounts to 17 per cent of the total variation, 

These differences arise, primarily, in the time and rate 

of recovery of weight loss, and, also, in the Baxlxaum loss 

itself# ¥ery little genetic variation in response la seen 

two to five days after exposure, when the over-all effect of 

the radiation Is maxlmura. 

3. Qualitative strain differences in body weight response 

were not observed. 

4, A sex difference In body weight response, although 

consistently favoring the female as the more resistant, does 
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not contrlbwt® significantly to the over-all variation. 

5. The pre-irradiation initial body weight is foiand to 

b@ an Important variable that mtist be controlled for acciarate 

estimation of the variation in response. Evidence has also 

been presented to Indicate that initially heavier strains» 

and heavier mice within strains# tend to be more resistant to 

irradiation, 

6* A high degree of correlation between the weight change 

from initial weight and the incident doaage is noted. The 

resulting regressions have been utlllaed in an empirical pro

cedure for scaling the relative resistance, of these strains* 

to alteration of the normal growth pattern. The scaling pro

cedure has yielded the following resistance levels for the six 

strains? His 68.1 per cent} Zf 64.8 per cent; Ss 64.1 per 

cent! .Is 52.7 per cent} Li 42.5 per cent} Bai 0 per cent. 

7. The heart and kidney weights are resistant to irradi

ation# although they reflect m Inanitional loss concomitant 

to losses in body weight. 

8. fhe liver, in strains RI and L# ahows significant 

absolute and relative increases in weight at 800r, No ap

parent reason for this change Is available, 

9. The spleen, at 20r, Increases in weight in five of 

the six strains, with only strain 1 showing a decrease. The 

weight increase Is considered a secondary defense reaction to 

the small, but definite, destructive effects of the x-ray# 

It SOOr and 400r, th® spleen weight tends to be above 
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normal In resistant strains 1I» 2, and S, and below normal in 

susceptibl© strains S, L# and Ba« A uniform over-compensating 

increas® in spleen weight is seen in all strains at 800r, 

Qualitative and quantitative strain differences in splenic re

sponse do occur and are considered to be based upon intrinsic 

differences in regenerative time and rate, 

10# A parallel decrease in testes weight, with increasing 

dose, is seen in all strains# "These changes are assumed to b® 

due to direct destructive effects of the radiation upon the 

germinal tissue, The testes weight loss has also been shown 

to fit a sinsple exponential curve, 

11, The genetic differences in response are postulated 

to be expressive in the indirect or secondary effects of ir-

radiation* Primary effects are asstaraed constant for all 

strains, 

12, Theoretical consideration of the body weight response 

leads to the assumption that certain known physiological and 

cellular disturbances that follow irradiation are basic to the 

measured weight changes. Genetic variation In body weight 

change may rest on a varying expression of these physiological 

alterations, 

IS, The cellular basis of genetic variation in response 

is postulated as du® to intrinalc genetic differences in the 

capacities of cells to overeom© the indirect noxious effects 

of radiation and to enter a phase of regeneration or return to 

normal raetabolism. 
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APPENDIX A 

1 o 
fabl© 4S, B#tw©en*strain OrganiBody Weight and Inter-Organ® 

Correlations for laeh Dosage 

Doaaga • roentgens 
Corr©lat@d weight® 5 SO 0̂ 400 800 

Body iHeart +.814# +.90S# +.9524̂ # 

% to CD . +
 +.965-»̂  

iKldntjs 4-.7S6 +,89Ŝ  +.935#« +.900̂  +,967-J» 
lI»lT®r +.756 +,855« +.866# +,821-» +.875'» 
1 Spleen 4'.046 +.420 +.486 +.501 +.087 
fTeatea +•355 +.156 +.534 +.478 +.275 

Heart sKidnejs +•680 +.499 +.478 +.S59 +. 132 
ijLlver +»554 +.798 +. 833 +.671 +.840 
lSpl@®n -..3t8 +.0S3 +.285 -.178 +.203 
tT©®t«s +•291 -.019 -•S39 ». 40S -.306 

Kidneys jMver -.067 +.157 -.028 -.382 
1Spleen -.243 +.284 +,50S -.156 -.099 
ifeites +.4S8 +.571 +.370 +.447 +.538 

Iilv©r«Sple®n -.061 +.109 -.096 +.030 +.161 
sfeistes -.289 -.46S -.319 -.625 -.841 

Spl@©ntf®st«® +.580 +.435 +.660 +.601 +.126 

m a ,05 * .01 

"»?< '*01. 

Ŝtandard eorrelations at 4 degrees of freedom 

Partial ©o»@lations at S degrees of freedom 
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Table 43. Betwean-litt®* OirganiBody Weight̂  and Inter-
Organ Correlations for Each Dosage 'Level 

Poaage » roentgens 
Correlated weights 0 20 200 400 800 

BodyiHeart +, 673'«Hi +.831## +,895» +,732̂ f» +,769'JH} 
sKidneys •f.834'» +.939̂  +,83S4Hfr +.872#« 
tLiver 4..605«I 4",79a«# +.881«̂  +.865<Ht +.866ŵ  
J Spleen +.0S7 . 250 +.40S» +.162 +.071 
1Testes 599#4J 4', 612im +,849«HJ +.672«« +.7424HS-

HeartsKidneys, •»«»701̂ '̂  4-.410̂ HI +.369## +,608-»» +.513̂  
iLiver . +.065 +.088 -.036 +.219 
1Spleen +.096 +.045 +.140 +.020 +.333« 

Kidneys sLlver •••.098 -.053 +.336-Ĵ  +.145 +.171 
f Spleen -.110 +.108 +.937 +.119 +. 3854̂ -» 

Liven Spleen . •¥, 467«f +.296'» +.335# +.242 +.322'» 

«f a' ,.ds*,dl ^f< 'm 

ŝtandard correlations at 53 degrees of freedom 

%artial e«3rr@latlona at 52 degrees of freedom 

fabl© 44» Between-lltter•Regressions of Organ Weight 
on Body Weight# Logarithmic Scale. 

Dos® Heart lldneya Liver Spleen Testes 

Avg. +.728 +1.121 + .964 +.432 +1.267 

Or +.572 + .922 + . 650 +.072 +1.182 
20r +.779 +U173 + .915 +.500 + .995 
200r +.783 +1.232 + .982 +.759 +1.338 
400r +.710 +1.081 +1.237 +.392 +1.492 
800r +.705 +1.061 + .924 +.165 +1.161 
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AFPHDIX B 

In th® following tables, all of the original obaerva-

tlofis ar© pr©s©nt®d« Th@ paired n®l© and female observations 

COBStitut© th® litt©r-raate pairs that were Irradiated at th® 

®sra® tisit* fh# ©©•day body weight immediataly precedes tha 

organ weights that w©r@ obtained from that mouse at that age. 
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SÔ  

0*«O 

r4 H 

•» • 

•CMO 

<no 

• • 
as 

» » 
ry iH 

NOr-• • 

\i\"̂  

C>-5i" 

i i  
o-=f 

^ •• 

r4W 
* • 
s?g 

otn. 

8S 
<»s<D 

o«> 

H f4 
•-0® 
* • CO b-

irti-l 
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HIÂ  

3^ 
ifvm 

ii 
5p, 
H H 

rts 
H H 

.̂ H 
\Â  
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ĉ <o 
Hrt 
<\a<n 
» •*• 
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Ĉ -̂
H H 

m»* 

ô <o. 
mm 
<n<n 
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ô 
H r-l 

tno 
5̂; 

r-f €n 
|HI 

Is 

"m 
ptA 

O 
\̂A w 

€ 

«H 

I „ 

%' 

cy.ê  
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Ŝ S: 

QO> 
m̂  ®«=p 
OS 



www.manaraa.com

-154-

© 
•r< 

.0% 
NO 

S 

'O 
Cw m 

HIO 

CM 

H( 

1® 

2?̂  o 
H HI 

# # ' 
©^•sf «nco 

* * 

HH as csiH 

f W O  Q\A 
# '# 

lAO 

<ONO <\J<> 

cy H 

sjat.ji' 
# 'ik 

%I5I« 
m m 

t^"IA 
' ^ # 

!̂3 H r -
«y H d":S 

f M H  

HtA 
A * 

o<> 
' # H 

oco 

»3 a:s 
• '• 
ONO 
WH 

A A 
-sho 

^ « 
fno 

m«n 

HH HH 

\AtA 
# # 

m^O' 
iik 

1A«Q 

8S 
4i '# 

S'& 
HCO 
'# • 

®«n 
ii * 

.••ll«l 'l»«l*i 

'# A 

Sft H H 

«P5, SBB »gt, 

£*~IS* 

0*«3 

ft 

0v 

•JO 

•Cjô  
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Ô vl? 

<no • 
COsO 

P**f 
lAO « • IW-—lyj* 
H rni 

« • 
^--HI 
frjHI 
• • 

l*f .H 

IS 
Ho© 
' • * 
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2!®^ 5^© Ô m O !>• 
<Mq cyri 
HH Hi-i 

MCO 
m 
ri 

II IS 

33 RTM 
s?«>-fn <n<n 
op WON 

SO N6 O
X
 

1
0

 

CO 

H 
H H 

O <» o VO 
0> 
f-

H ̂  F--CU H H 
fvjH 
O^-IT H H 

•>fl H 
ran 
H H HH 

VOFN OSFN WH 
RS 
HH O O 

H H 

HLF\ WM V\H 
(»H 

MCY <n«n 

HH 
g:s 
HH HH 

T>CO ô o 
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Ô OV 

CO«5 
fu cv 
oco 

f—^ 
WW • * 
vocn 
H r-f 
o-«n • » 

• • 
<no 
iH H 
sOt-
• • 
mq rH r—l 

• • 
mH 
iH H 

gft« Spt »l5s« S&« xtlh 

ChO> 



www.manaraa.com

CO m CO NO sO nO 

CO . o H &*  ̂ <3̂  t*% 
0S, 
sO 

Xf\ 
t>- CO 

fn«n 
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(rtŜ * HtfV rtco 
CMn 

H<n <nw <v(M 
r-1 H H H iH H 

iM«y mfy m ^1 
O^IW c -̂cv HCO 

vOO^ 
mey 

&« 
Ht-i 

HO 
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^ 
co« 0<n0s 

mcM • • 
ocp 

«nxo 
« • 
pt>~ 
<MH 

0(*\ 
m '• 

iHI fH 
om • • 
t>-m 
H H 
xx\a> 
• • 
IS-.d' 
iH H 
wm 
• • 
H H 

• • 

n 1*1 

mpk m»4 '̂ gc, 

??•? F: m 
w mm 

I 0^ 



www.manaraa.com

-165. 

0* 

m 

ov <©• 

NO 

ta. CO JS. OS rs- CO 

o 
.̂ o Kr :i 

SO 
s£» H <n 

S« H 

•^H 
0«43 
H 

«o o 
sO fs» 1

1
1
 

9
1
 

H H 

P HH H 

SO O 

H H 
<nH 
H H 

<DH 

HH 

mco 
t̂ o 
«©eO 

ts* 

f-O 

WH 
H H 

a §flK IS SI  SI  °§  
4S as M 8S5 S# SS? «g: JiUw iMN^ .. -. ^ ...,. 4 .̂ MJI rni in rni pnr r^ f*t fnt n f»"i ir*f r*t #*1 

irJ 

4  

m 

ma 

©^•«M 
• • 

• • 
W 

•rt 

.4iN0 
• • 

aa 

• • 
HO 
H H 

iAr*» 
• • 

H O 
HH 

eyiA 
• • 

WH 

HC© 

33' 
f-O 
• • 

3:3 

j:±q% 
m • 

3^ 
OO 
• • 

ryrn 
H H 

\s\̂  
• • 

HO 
• • 

33 

®.3 

S3 

fU-:t 
» « 

«o<n 
HH 

•tnen 
• • 

H H 

sOfA 
« • 

is-fn 
H H 

O W 
» • 

\A**^ 
HH 

~.-t 

;?3 
t*o 
• • 

m«n 
H H 

f^Ch 
• • 

H'H 

com 
• • 

« ts« 
HH 
fs,en. 
• • 
sq t^ 
HH 

eMj\ 

«nn 

3i 
•OlA • • 
3^ 
mm 

fy 0* 

aa 
hh 

NOIA « • 
<ncM 
H H 

«n<n 
• • 

«y H 
H H 

©-St-
• • 

H O' 
#HI 

IN-O • 
« • ̂ 

€^0 
#*4 

•#nH 
• • 

0VO 
iHt 

e*w\ * • 
°-3 

COtA • 
« • 

CM>. 
HH 

mn 
• • 

chtw 
H H 

IVKJ 
* • 

H H 

lAm 

3  ̂
PM3 

^3 
0\-js. 
• • 

«nm 
fHI 

-irf'«n « « 

ow 
• # 

0^\0 f**f 
^lf\ 

« • 
COvO 
H H 

O^H 
• * • 

vO\A 
HH 

•sjhc^ 
• • 

^cn 
H 

1LAI> 
* * 

-d-cy 
H H 

• « 

<30 O 
« • ' 

COsO 
- - - *  • «  n c » 
f^O 
• * 

<»>o 
H H 

^CPi 

si 
nOO 
• • 

*iA«n 
H H 

3^: 

H H 

mso 
• • 

33 

# • 

-iti 

«no • • 
\£S.-st 
H H 

\r\cu 
* * 

H H 

* • 
f^cy 
H H 

r*»H 
• • 

H cy 
H H 

H^^ 
• • • 
OH 

\AvO 
• • 

O H 
f*"! 

• • 

# • 

I**! f"! 

• • 

H H 

CO CVJ 
• • 

H H 

%OH 

q\0* 
* • 

rHI 

tnch 

ia 
vO O • • 
-sffy 
H H 

Hcy 
• • 

-StCVJ 
H H 

Ki(» 

-^<n 
XAVN 
fe*!̂  tno^ 
OON 

SCBa «R, !R|!>, »R. Seik, Sft. Sfa Sft, 

RJH ^ 
-AaJ* . . .  

ErSr <»oo 
^^c^ g:gJ 

g:si 
SJS 
OS 



www.manaraa.com

© CO tn \r\ O 
H 

'{W 
•m SI 

n m 
irt ,H 

\Alf\ 
P̂ -H 
HI H 

3 3 

Si: ?ia 
iHf )H H 

m af m 
rt H H H 

\A U\ m 
m 
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-5i-ê  * • 
p4^ 
ry H 

i i  
# • 

V0H 
• » 

8a 
CO»-« 

* • 
CO-d-
rt ri 

CO O # • 
rt Hi 

r-f 

«n<n 
oo 
H H 

3' 

K}S S3 
mfvj fnlv 

r-f H H 

O^vO 
• • 

<>\A 
H r-l 

CO w 
• * 

O^nQ 
H r4 

€um 

* • 

com 
HH 

eow 
• # 

{>-«*% 
H r4 

1AH 
• • 

CO m 
Hl. »H 

f-itO 
• • 

® «M 
HI 

• * 
H 
fU H 

sOrt 
* • 
HCO 
•ftJH 

OCO 

8i3 

•HsO 
• • 

a%\A 
r4 H 

OS® 
• • 

coir\ 
r*HI #**! 
CO 
• • 

«OtA 
H HI 

fU 
<» 

CO 
CN XA 

H 1
1
0
 

1
1
6
 

O 

HH 

f-<n 
\At— 
H H 

^fy 
OCO 
H 

H O 
H-si-
H H 

0̂ rA 
coco 

mo 
a»o 

H 

M lf\cA 
H H 

<no 
HH 

-:tO 

HH 

CAH 
cvô  
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ÔNO 
•O O tOU\ 

Os£J OvO 
tnw 

f-GO ĝ c\j 
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rtÔ  
33 

lAQf̂  
OO 
rt rt 

Pki p~. 
oa> 
rt 

o<> 
rt 

^cf\ 
cr\a 
rt rt 

OsO 
•» • 
s\j<» 
't\Irt 

rt ro 
• • 
ifb !P*f Ĵ  
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Ô IA » * 
CMCU 
irt 1*4 
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-ai'Ĝ  * # 

« 1*̂  
oco * • 
Hi3 

#-i® 
• •• • 
«MĜ  
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«3' Ĉ  ê̂  fiO Ch «o o 
H 

§ 1 1 m 
H 

CO W 
u 

nO 
rt 

is a \0 w jrt IS' «PTI SI 
tna  ̂
Pit H H 

3M OO 
!**«• fnf f*"t 

jntA 

F gf 
r41*4' 3i M 

iHi #*4 

cvcy s£»«0 
§§ a S 

S8 Sg ̂  S8 S§ 
#*4' 1*̂  jr4 iHI iHi i*f 1̂  

«InD * • 
mtn 
# • 
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ô m !» • 
S;̂  

» f 
m m 
H rt 
mo* .* # 
«m 
HiH 

• 

• • • m.fy 
rt H 
m-=f 

ifi 
I-JO 

rt H 

• • 
mm H<H 
00 vO 
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