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INTRODUCTION

Inter-specific variation in response to irradiation has
been acknowledged and, to some degree, has been quantitated.
However, genetic varistion within a specles, although recog-
nized, has not been put to severe test as an experimental
variable in radioblological studies.

This researeh has been designed to measure the possible
existence of renetically determined differential responses
to total body xeirradiation. 3ix inbred strains of mice
have been used for this purpose, Thess strains have been
previously differentiated by thelr reslistences to mouse

typhoid, caused by the organism, Salmonella typhimurium,

The radiation response has been measured in terms of body
weight change through a twenty-day posteirradiation period,

In addition, representative radlo~sensltive and radio-
resistant organs, Including the heart, kidneys, liver, spleen,
and testes, have bheen weighed,

Although utilization of genetically controlled material
can usually Increase experimental accurasey, the degree to
which this is enhanced is generally unlknown. It 1s the
purpose of this Investigation to determine the contribution
of the genotype to the over-all variation in bilologic re-

gponge to total body x~irradiastion.



REVIEW OF LITERATURE

The most effective quantitation of intere-specific dif-
ferences in reasction to irradiation has been In dosage=-
mortality studles. However, the many physiologlcal dif-
ferences in response, from one species to the next, as de=
seribed by Prosser (1947), have not been fully integrated
into a broad analysls of the lethal effects of ilrradiation,

A possible key to the understanding of the mechanlsms
of differential reactlions to irradiation may be found in the
more complete analysis of differences that may exiat within
a specles, At thls level of stﬁdy, dissimilarities in the
morphology and physiology are minor deviations from the

specles mean or normal blology.

Intra-gpecific Differences in Radiatlon Reasponse

Apparently the first recognition of strain or genetle
variatlon in the reaction to irradiation was made by Henshaw
{1944), A comparative study of mouse strains C3H and LAF,
at B0, 100, 200, and 400r total body exposure to x-lrradiation
brought out many guantitative differences, The lethal dose
for C3H mice was found to be 450r, while that for the LAF,
mice wes approximately 600r, Cellular changes bore out the

obgerved difference in resistance to the lethsl effects,
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With respect to the leukopeniec response of the periphersl
blood, Hanshaw stated that 50r and 100r on a C3H mouse were
equivalent to 100r and 200r, respectively, on a LAF] mouse,
flstological changes in the hematopoletic tissues, testes,
and intestinal mucosa also demonstrated a greater reslstance
to cellular injury in the LAF; mice, Henshaw stated that
the changes were qualitatively similar, indlcating that a
higher eriticale-dose threshold existed in LAF,; mice,

Purther information with regard to strain differences
in response to irradiation was glven by Lorenz, et al. (1947)
~and by Henshaw, Riley, and Stapleton (1947) in 2 symposium
on the Plutonium Project. In the work described by Lorenz,
et al,, four strains of mice, A, C3H, dba, and LAF;, were
chronleally exposed to gamma radlation., One iInteresting
gtrain difference was seen by the authors., PFor strains C3H
and LAFy, used previously by Henshaw (1944) to indicate
strain differences, the present study confirmed Henshaw's
obgservations on the comparative resistance of the LAF, mice.
At 4.4r/8 hrs./day, the irreversible sterilization dose for
female LAFy mice was between 770r snd 880r, while only 450r
was neceasary to cause the same effeet in C3H mice, C3H
males were sterile at 800r, while LAF] males bred normally
at 1100r, Strain dba apparently paralleled the C3H strain,

In addition, two different inbred families and a hetero=

geneous stock of gulnea~pigs were entered in the experiments.
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The inbreds, identified as Families 2 and 13, showed a striking
difference in the lethal dose range with respeet to deaths
from enemia and thromboeytopenia. At a chronle exposure of
8,8r/8hrs./day, the cumulative lethal dose range for Family 2
was from 1200r to 1600r, For Family 13, 1t was from 1900r
to 2100r, The heterogeneous stock showed a lethal dose range
of 700r to 4400r. No genstic Interpretations were made by
the authors; however, 1t would seem that the heterogeneous
snimals presented a genetic situstlon wherein a broad range
of genotypes was sampled. On the other hand, the inbreds
not only showed a very narrow range within familles, but also
showed a famlly difference in the lethal dose range. The
effective lsolation of two divergent genotypes was 1Indicated,
It ig of interest to note that In the heterogensous
stock the 50 per cent death polnt was resched at a place
where only about 20 per cent of the total dose range head
been covered, that ls, somewhere in the vieinlty of 1400r.
This indicated anvextrema skewing of susceptlble genotypes,
andy consldering that the e¢riterion of death was anemla and
thromboeytopenia, it partially confirmed the observation
that the guinea-plg was highly susceptible to death from
these causes, Only a small number of animals were capable
of offering any resistance to this apeclies weakness,
In this same report, a sex difference was noted by the
authors, In the LAFI mice, the ineldence of induced lymphoid

leukemia was nearly twice as high in the females as in the
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males., Exact figures for this were not giﬁan, but it was
stated that the incidence was 45 per cent in the females at
1ts peak, with the exception of the highest dose level of
8.8r/day. At the latter dose, the incidence reached 70 per
cent.,

Henshaw, gt al. (1947) also employed four mouse strains,
These were: CFl, ABC, Ay md Cgge The mice were exposed to
elther neutrons, gamma rays, or bets partieles., Both single
and chronic exposure methods were used, The chronic exposure
resultas indicated that strain ABC was more resistant than
atrain CFl, The ABC mice required a greater total exposure
to gamma rays before their life span was ghortened to the same
degree as that of the CFl mice., Under a single exposure to
fast neutrons, the ABC mice were more resistant to lethal
effects, as well, Differentisl dosage relationships were not
given, No sex differences were observed with respect to
weight loss, hematologic change, or shortening of 1life span
under chronie exposure to gamma irradiation, The authors
coneluded that the straln differences were more a matter of
degree than of type.

In 1948, Fvans reported a2 study on two strains of mice
exposed to amall delly doses of fast neutrons. The strains
involved were CPl and Rockland Farms Swiss mice, BRBalaneced
numbers of males and females of each st#ain were used at each
of four levels of chronic exposure., When the response was

measured as a percentage of control survival for eaeh strain,
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the CF1 mice were more susceptible, At l.4n/day, they accumu-
lated only 162n before they were reduced to a 37 per cent
survival, while the Swiss mice accumuleted between °228n and
23%5n to be reduced to 49 per cent survival,

However, when the mean survival time (M3T) wes used to
meagure response, no true strain difference exlsted., The
CPL mice had a shorter MST at all dosage levels, but this ine
cluded the controls, Thus, normal CFl mice had an M3T of
420 days, while at 0,0"™n/day it was 412 days, end 168 days
at l.4n/day. These were reductions to 98 per cent and 40 per
cent of their control, respectively., The Swlss mice had a
normal MST of 475 dayas, 55 days longer than CFl mice, At
0.,07n/day and 1l.4n/day, the Swiss mice were reduced to 443
and 206 days or 94 per cent and 43 per cent of their control.
These compared very closely with the values In the CF1
strain, As Evans noted, a strain differenece in MST existed
In the irradiated mice, but it was entlirely a function of a
basie gtrain difference in the expected life span.

In 1ight of Fvens'! findings, one ecan queation the similar
type of strain difference, observed by Henshaw, et al. (1947),
discussed above, "The fact that the ABC mice required a greater
total dosage of gamma radistion to have their 1ife span
shortened to a degree similar to CFl mice may well be due to
a basic genetic difference In 1life expectancies, This is
indicated in data given by Sacher (1950), who gave the 1life

span of CF1l mice as 425 days as compared to 538 days for the
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ARC strain., In the reviewer's opinion, CFl mice may have
been expressing a non-speeific response to ilrradiation in
the study reported by Hensaw, et al.

Evans also observed & rather clear-cut sex difference In
response. At 80r/day of x-ray, the males required 19 days
and the females required 25 days of exposure to reach the 50
per cent mortality level, This was a difference of 480r on
the cumulative dosage scale,

In 8 summarizing report of the hsmatologic effects of
radlation, Jacobson, Marks, and Lorenz (1949) brought out
many significent genetiec differences, TFor the most part,
these were Inter-specific differences with respeet to sensle
tivity to hematologle change, mortallty, type of induced
anemia, and rate of recovery. Unfortunately, the only intra=
specific or stralin difference was confounded with sex dif-
ferences, O(Fl females were stated as more resistent to
hematologic alteration than strain A males, after internal
exposure to radium,

Kohn (1950) deseribed the genetic differentistion of
four strains of rats in terms of thelr normal blood cholesterol
levels, Two strains were classed as "high" and two as "low",
e differences were stated as resulting from chance 1sola=
tion during inbvreeding. The straeins involved were: SD
(8prague~Dawley); OM (Osborne-MendeleVanderbilt); TBH
(Tumblebrook hooded); and H (Holtzmann),.

In 1981la, Kohn reported the blood plasma chenges 1n
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these rat strains following total body x-irradiation, PBasically
the LDgq/zo doses were; Hi 770r; OM and SD: 730r; TBH: 6501,
Changes in gluecose, inorganie phosphorous, and non-protein
nitrogen were the asame for all strains. A basic strain dif=
ference In the normal gluccse level was unaffected by radlaw-
tion in strains 8D and 0¥, Blood chloride response was
gualitatively similaer in the four astrains, but definilte
guantitative differences appeared, All stralins started at a
level of 607-608 mgs. percent, After an initiel drop, 8 rise
oceurred &t the second or third peost-irrasdiation day which
waas followed by 2 sustalined high le vel or plateau until sbout
the tenth day. 7The exaet time of return to normal level
varied, to some degree, with the strain., The precilse atrain
differences in chloride response were measured by the height
of the pesk rise and the plateau level, In this respect,
strain H was least affected, straing OM and SD moderately
affected, and strain TBYH was most saffected. The degree of
effeet correlated well with the LDy doses. Kohn considered
the ehloride ghift an integrative mechanism that was a
secondary systemle physiologice response, wherein most of the
chloride passed to the plasma from intracellular sources.
Eatimates of total protein on astrains H, OM, and 3D
showed a,drop after expoaure while straln TBH remained une
affected, Albumineglobulin ratio changes were unreliable,

while cholestercl response was the same in strains ¥ and 8D,
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The latter represent "high" and "low™" strains, but the basic
difference wag not altered by irrasdistion, In no instances
were sex differences observed,.

Kaplan and Paull (1952) reported a strain or genetie
modification of response to spleen shielding in x-rayed mice,.
Using strains A and CB7, the suthors exposed three groups of
mice in each strain. One group was left intact, a second
was shame~shielded, and the third had lead-shiselded spleens,
At 550r, the mortality, in the intact group, was 60 per cent
in €57 mice and 75 per cent in A mice, Deaths began about
five days earller in the C87 strain. In both strains, sham=
shielding ceaused deaths to occur easrlier, but their final
mortallty was the same as for the Intact controls, In the
lead-ghielded groups, 23 per cent mortality occurred in C87
mice while no strain A mice died, Histologic changes of the
thymus, lymph nodes, and bone marrow were essentlally the
same for both strains. The shilelded spleens, however; gave
indication of cellular differences In response., The more
effectively protected mice, strain A, showed a proliferation
of hematopoletic tissue with little response of the lymphoid
tisaue, The CB7 mice regponded with a proportionate increase
in both lymphoid and hematopoletic tissues, Thus, although
both strains gshowed an Incressed cellularity and splenie en-
largement, there was a genetic difference in the specifie

reaponse, The authors sugpest that the basie difference
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may lie in the importance of the spleen as a hematopoletie
organ for the particular strain involved.

Lorenz, Congdon, snd Uphoff (1952) studled the modificae
tion of the lethal effects of xw=ray on mice, utilizing four
different strains., The LDEO/SG values were astated as 650r
for LAFl, 560r for A, and 600r for strain C3Hye Yo LD5O
value was glven for strain L, The abasolute lethal dose was
800r for all strains. When a homologous bone marrow suspen=
sion was injeeted Intra-venously 1l0-15 minutes after exposure
to 900r, the mortality was as follows; LAFy: 20 per cent;
C3Hypt 30 per cent; A2 O per cent; L: 30 per cent, Intra-
peritoneal injection gave these results; LAFy: 25 per cent;
C3Hyt 90 per cent; A: 84 per cent; Lt 40 per cent. The ine-
Jeetlon pathway was unimportant in the LAPy and L mice, but
it was definitely important in the other two strains which
showed only & minor reduction from 100 per cent mortality.
A comperative lag in red cell regeneration was considered
basic to the greater mortality in the C3Hy mice after intra-
perltoneal inoceulation, The authors did not consider the
genetic implications, but, since the parental L and A stralns
were compared with the F1 hybrid, it sppears that the favore
able regenerative eapacity of strain L may be dominant in
the Fy.

Kohn (195la,b) discussed the theoretical implications

of both inter~ and intraw-specific variation in response to



irradiation. He considered that for a given tissue all mame
malian eaila may show an equivalence of sensitivity to the
primary or direct effects of radlation. Genetlie differences
In morphologie and physiologic response may be entirely due
to the differences in sensltivity to secondary effects which
arise from neural, humoral, or other physiologic connections,
Secondary effects may be contiguous or distant to the primary
effects, may be focal or systemic in nature, and need not be
consldered as primarily deleterious,

In view of the dlscrete and consistent cellular effects
of irradiation, as seen In the induction of lethal mutation
in Drosophila (Lea, 1947), it is not improbasble that the
primary effects are very simlilar in a broad range of animal
cells, If we assume this to be true, then 1t is logical to
exrect genetlc differences in response to be of a secondary,
and often systemic, nature. Thus, the individual's entire
genotype can express 1ts full potentialities in enhancling or
Inhibhiting the expected general response pattern after total

body x-irradiation.

Body Weight Response to Irradiation

The major factor gtudled in this investigation has been
the alteration of the normmal growth of mice, as messured by
changes in body weight., A body welght loss 1g invariably

geen in mammels after exposure to x~irradiations but the
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degree of loss will vary with the species (3mith, W. W., et
al., 1952)., Weight losses and growth inhibitions are not
only seen af&er exposure to ionizing radiastions, but elso
after exposure to nltra-violet rays (Blum, et al., 1943).

The sensitivity of the weight response has rendered 1t
an effective meang of studying the protective value of glue
tathlone in mice after exposure to x~-ray (Chspman, et al.,
19603 Chapman and Cronkite, 1950). Furth, et al. (1952)
also used the loss and regain of body weight in rats as one
eriterion to measure the effectiveness of seversl antie
biotics In comhbating radiation sickness,

The severlity and serious nature of losgses in body weight
after irradistion have slso caused it to be the subject of
speclal investigation inte physiological causation, For ex=
ample, Conard {(1951) has examined the x-ray induced changes
In intestinal motility of the rat, while Bennett, 33}3&.
(1951) have investigated the rate of protein absorption on
the x-rayed mouse, Basal metabollism of the rat following
x-ray has been investigated by Kirachnsr, Prosser, and
Questler (1949) and by Smith, D, E., et sl. (1951) in an
attempt to correlste basic metabolic alterations with obe
served welight chanpe., Thus, body welght changes would seem
g simple measurement of expression based upon & broad complex
of physiologic mechanisms, If genetic differentiasls exist,

they should be expressive In this response,
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Orgen Welght Response to Irradlation

Attempts to determine the effeets of irradiation exprea~
ged as changes in organ weight have been sporadiec. In 19486,
Brues, Sacher, and France studled the organ welght changes in
x~rayed rats after both single and chroniec exposure, Host
visceral organs appeared resistant to change, except those
primarily composed of & known radioegensitive tissue., The
spleen, thymus, lymph nodes, and testes showed atrophic
changes and a loss in weight after chronlc irradlation.
Moderate single dose exposure only caused & translient welght
loss in the spleen (Brecher, et al., 1948; Ludewlg and
Chanutin, 19503 Carter, 1950; Cronkite, Brecher, and
Chapman, 1951a) and in the testes (Faschenbrenner and Willer,
1950), ‘The splenic weight loss occurred very rapidly, but
recovery had gset in by the tenth to fourteenth poste
irradiation day, even in the lethal dose range, At twenty-
days posteirradlation, all of the sbove authors noted that
the spleen was near normal weight or showing some over=-
compenaation, depending on the dosapge used. Testes weight
dropped off slowly and returned to normal after about 10 to
12 weeks in mice exposed to the mid-lethal dosage range. A
time element is thus of prime importance In estimating weight
changes in radio=-sensitive organs.

The hearit, kidneys, and liver are consldered as re=-

sigtant orgens (Bloom, 1948; ¥ly, Ross, and Gay, 1947), but
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Ellinger (1945) listed the liver as sensitive. Of these or=-
gans, the heart 1s probably the most resistant, as shown by
histologleal study after loeal irradiation at doses up to
7500 roentgens in the rat (Leach and Sugiura, 1941, 1942),

The liver has been shown to resist direct weight change
by Brecher, et al., (1948) in the mouse, but Ludewlg and
Chanutin (1950) demonstrated a minor weight increase four
days after exposure in the rat, The welght was normal by the
tenth day and beyond. A dosage near the LDgg, level was used
in these investigetions,

The kidneys also are resistant to weight change following
total body irradiation of the rat (Patt, et al., 1947), A
10 to 20 per cent drop in body welight may occur after exposure
to 650r and 900r, but a similaer drop in kidney weight re=
sulted in its weight per unit of body weight to remain une
affected, This iInanltional type of change in orgsn weight
was brought out by Brues, et al, {1946) in chronically exposed
rats, It was also pointed out in an inveatigation on rats
glven a single exposure by Bowera and Scott (1951). They
noted that a depression in the welghts of the visceral organs,
that were otherwise considered as resistant to radiation, co=~
incided with the post-irradiation period of anorexia,

Azarnoff snd Roofe (1951) have attempted to determine the
derree to which organ changes after irradiation may be due to

inanition in the rat., Visceral organ weight changes are
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apparently dne to two factors; one, the direct and organe=
specific indlireet effects of the radlant energy, and, two,
the sum total of the direct and indirect effects that bring
about a loas of total body welght and an iInanitional loss of
organ weight,

The selection of the specific organs studied in this
investigation, as well as the time or age factors involved,
was largely determined by the conditions of a previous study
(Grahn, 1950). In this earlier study, a detailed examination
of organ and body weights wag made on six inbred mouse strains
at a fixed age of 60 days., Conseguently, thls age was chosen
to obtaln the organ weights for the investigatlon to be re=-
ported,

A twenty-day posteirradistion interval of growth was
considered, on the basis of past findings In these mice, to
be sufficlent to permlt genetlic response differentials to
become expressive, It was assumed that little change of
major consequence would be apparent in the heart, kidneys,
liver, and spleen weights, while testes weightas would be de=
pressed. Actually, the primary hope was to determine if
subtle organ changes had occurred that had previously been
overlooked, The earlier organ welight study by Grahn had
demonstrated the use of biometrlical analyses as a means of

determining the less obvious organ and body welght variations.
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MATERTAL3 AND METHODS

Biologlcal

The mice used in this study have been taken from six ine
bred strains maintained at the Genetles Laboratory, Towa State
College, They all have been inbred, by brother-sister mat-
ings, for at least 25 generations,

Selection of the miee has been done in 2 random manner,
with the exception that obviously sbnormal or unthrifty anle
mals were not included, All mice, at the outset of the ex-
perimental perlod, were 40 + 3 days old., As age has been
shown to be effective in varying the survival of mice after
x~irradiation (Quastler, 1945), it hecomes necessary to
eliminate the age varliable when studying genetic variation.

Body weilghts were taken at the ages of 40, 41, 42, 45,
50, 85, and 60 days. The L~day welghts are all pre-irradla=
tion initial welrhts, The mice were irradiated within two
hoursg after they were welghed, Between the times of weigh-
ings the mice were kept In the general mouse stock environe
ment, although they were set off in 2 semi-imolated proup.
Food and water were provided gd libitum. The body welghts
from 40 to 55 days of are, inclusive, are live weilghts.

The 60-day welght was taken immedlately after death, The
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mice were kill@d on the 60th day, by means of chloroform, after
being fasted for 4-8 hours., This fasting interval was suf=
flcient to cause the eliminabion of most of the gastric cone
tents, as well as a large portion of the material in the small
intestine, As described by Crahn (1950), thls enhances the
accuracy of organibody welight relationshilps.

Af'ter the 60-day body welght was taken, the mice were
dissected, and, in order, the testes, spleen, kidneys, liver,
and hesrt were removed and placed In covered weighing dishes,
These were then welghed in the order of removal,

All of the weighing was done on an analytical balance,
Body welghts were measured to the nearest tenth of a gram,
organ welghts to the nearest milligrem,

The mice were checked for deasths at least once each day
during the post-irradiation period. Necropsles were done on
those animals that were not in advanced stages of postemortem
depgeneration, Unfortunately, most of the deaths occurred
between midnight and seven in the morning, so that little
necropsy material was of any value, It 1s worth noting,
however, that the ususl time of death coincides with the period
of greatest physical activity in the mouse,

When a mouse dled prior to 60 days of age, the animal was
replaced, Since every mouse had a litter-mate of the opposite
sex which had bheen irradiated at the same time, the whole

litter had to be replaced, in order to retsin the litter-mate
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controcl, At the doses of 0, "0, 200, and 400r, deaths were
either absent or negligible, At 800r, in straln L, the death
rate of over 30 ver cent undoubtedly created a blased pic-
ture of this atrain., No significant mortelity occurred in
the other strains at 800r. It ghould be kept in mind that
the results of this investigation are upon the mice that sure

vived for twenty days after irradistion.

Physical

The dosage levels used were 0, 20, 200, 400, and 800
roentgens, as measured in alr by means of a "Vietoreen" dosi=
moter, The readings were made at a level equivalent to the
central pmrtibn of the mouse's body.

For the irradiation, the mice were placed in a wooden
frame, which enclosed a circular space, one inch deep and
6-1/2 inches In diameter, This was floored by a removable
wire screening of 1/4 by 1/4 inch openings. Two layers of
cellophane provided the top covering. Measurements of dosage
were made over the screening to allow the back-scatter to be
included in the dose rate., No more than 16 to 18 mice were
irradisted at any one time in this frame,.

The radiation factors were: 98 pKV, 2 ma., with no
filtration except that Iinherent in the glass wall of the
tube, The tube was an sir-cooled Coolidge-type tube with

a tungsten target, The dlstance from the target to the
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mouse was 36,5 centimeters, Doss~-rate of the machine was 22,5
roentgens per 30 seeonds, The exposure timea for the various
doges were; 20rs 27 seondaj 200r: 4 minutes, 27 secondsj 400r:

8 minutes, 54 secondsy 800r: 17 minutes, 45 seconds,

Statistical

A balenced experimental deslgn has been utilized in order
to best egtimate the effectiveness of the several verlables
that are involved, The 600 mice in thias experiment are equally
distributed among the six strains, five radlation levels,

‘and the two gsexes. Each strain has 20 mice at esach dosage
level, these 20 anlmals being sampled from ten different
litters, Two mice were taken from a litter, one male and
one female, The litter-mates were irradiated at the same
time and at the same dosage level., Care was taken to avoild
irradiating more then one litter-pair of any one strain and
dosage at the same time, In this way, the variation between
litters, within a strain and dosage level, cen be considered
as random environmental variation,

The experimental desipgn is essentislly a factorial type.
With six strains and five dosage or treatment levels, there
are 30 strain by treatment cells which are the e¢rux of the
experiment, 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,



20

Included are the expectations of the estimated mean squares

or the linear components of variation., These are composed of
the different components of the total variation and are used
as algebraic equivalents of the respective mean squares, The

methods are deseribed by Snedecor (1946),

Table 1. Breakdown for the Statlistical Analysis

e e e e e e e et e

Source of varistion d4f Components of variation
Retween strains 5 E + 2L + lOFST + 208T + 50FS + 1008
RBetween treatments 4 B + 2L + 10P8T + 203T + 60FT + 1207
S8train x treatment 20 B + 2L + 107ST + 208T

Between litters,

within strain

and treatment o
Batween sexes
Sex x strain
3ex x trestment
Bex x straln x

treatment 20 ®
Sex x litter, withe

in stralin and

treatment 270 E

2L

10FST + S50F3 + 60FT + 300F
10F8T + BOFS

10FST + 60FT

o Ot O
tes B W lecd
+ o+ 4 4

10P8T

3o

The components ecan be interpreted as follows: S 13 the
variation due to strain differences, T is due to the differ=
ences between the effects of the radlation levels, and F is
the baslie varistion between sexes, The intersction terms are

interpreted as arising from differential responses of either
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the stralns or sexes from one dosage level to the next,

The eomponent L, dus to variation between litters, and
the component B, due to a sex by litter interaction, are both
considered attributeble to uncontrollable environmental verlae
tion, The latter term, E, has its biologlcal basis in the
rendom veriation of individual sex differences that exlst be=
tween the litter~-mates whilch have been treated alike, Butler
{1952) has shown that such withinelitter gsex differences, in
body welght, are positively correlated with the body weight
of the male, That is, as the body welght increases, the sex
difrference will increase, The seme effect is seen In these
data, However, it 1f is assumed that the body weights are
reandomly dlstributed, then the individual withinelltter sex
differences are very likely randomly dilstributed as well,

The component, L, 1s due to various factors of the blo-
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 physleal en=
vironment, such ss temperature, are also Included,

All of these caﬁponents can be expresgsed in terms of a
p@rcantége of total variation, such that, with a fixed scale,
8 measure of the relative importance of the different effects:
and Interactions c¢an be observed. The general methematical

model, upon which this component snalysis 1is based, 1s as
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Xyqp1 = U+ 8g + tj + (st)13 + lijk + fl + (fs)il

+ (ft)Jl + (fSt)ijl + eijkl’

where u = the overall mean,
| 1 = 13254046 = the straing,
J = 1,254045 = the treatments, or dosage levels,
K = 1,250ee10 =« the litters per strain and dosage,
1l = 1,2 - the sexes,
In all of the analyses, the method of covariance 1s used.
For the body weights, the inltial or 40«day weight is held
as the independent wvariasble. The 60-day body welght is the
independent variaté for snalyzing the organ weights, Since
2ll of the mean squares are adjusted to the estimated regres-

glons involved, two terms are added to the above mathematleal

modelt
yijkl = U+ si + 'bj + (ﬂt)ij +@1(x13k) + 1131{ + fl

+ (fs)il + (fi’.)j}_ + (th)ijl -l»/ag(xijkl) + o4 Jkle

The/3, 18 the regression derived from the between-litter
source, while/3, 1s from the sex by litter Interactlion. The
mean aquarea for strain, treatment, and strain by treatment
have been adjnstea to the average between-lltter regression,
in order to eliminate variation due to the independent varie

sble, The mean squares for the gex effect and all the
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interactions with sex have been adjusted to the average regres-
sion from the sex by litter term. The adjusted mean squares
are used for estimating the components. The method of ade
justment iz given by Snedecor (1946).

Two major sets of correlations have been derived from
these deta in an effort to determine the effects of irradig-
tion upon the integrating forces of the animal body. One set
of correlations ls obtained from the between-litter source
and is an environmentally produced correlation, The other
set is the between~strain or phenotyple correlation which
meagures the degree of co-existence of two characteristics
ag seen from one strein to the next, As only six strains are
involved, the phenotyplc correlations are very susceptible to
sampling variation., The ftrends or shifts of such correlation
from one dosage level to the next can be of value, however,
tienetie correlations, obtained from the estimated straln
components of variance and covarlance, can also be determined,
bﬁt they paralleled the phenotyple correlations so completely
that it is felt that the method 1s basically inadequate,
Phenotyple correlations can be expeceted to ghift under the
effects of irradistion, but similar shifts in the genetiec
correlations sre not always loglecal,

Between-gtraln and between-litter intereorgan correlae
tions are also presented. These are glven as firsgte-order
partial correlations, wherein the varliation in body weight

has been removed, All partial correlations have been derived
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through use of Pearson's formulas

ryp. 5 = —rl2TLI723
2 2
V(12 ) (1er2 )

8tandard errors for the means have been derlved from
the between~litter mean squares, For the standard errors of
the sex means, the between~lltter mean squares have been dew
termined on a withinegex basis, Tests of significance are
largely limited to "t" tests of the differences between con=-
trol and treatment means., The method used is deseribed by
Wishart (1950),

As the data taken in this investigation involve growth
in body welght, it has been found that a transformation of
the obszerved values to thelr common logarithmic equivalents
is juatified, Thls tends to eliminate the metrical blas
that exists where the mean and the varisnce are positively
correlated, Invarlably, the heavy strains will show greater
varlation among their individual observatlons. This feature
implizs that the waight.differences are multiplicatlive and
basically due to differences in rate of growth. The loge
arithmic transformation is consistent with this assumption
and acts to create a more uniform range of variatlon.

The organ weight data has been similarly transformed,
as in a previous study on these mice (Grahn, 1950). It was

pointed out, then, that this permlts the orgen welght ansalysils
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to be considered as a study in relative growth, as outlined
by Huxley (1932).

Additibnal features of the analysis wlll be brought up
with'ﬁh@ presentation of results, whereln specific detalls

can be more clearly explained,



RESULTS OF INVESTIGATION

Body Weight

Before polnting out the major findings of interest, the
statlstical approach should be described, The results of an
analysis of variance of the observed body welghts indicated
that very little of the variatlon In body weight could be
attributed to the effects of the irradiation, Simple ob=-
servation of the data does not bear this out.  The ecrux of
this problem lies iIn the small amount of sampling varilation
that exlsts amoﬁg the five dosage means at 40 days of age,
The 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 logt about 0.6 grams,
while the controls have gained about 0.3 grams, ylelding
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 welght galn or loss that 1s the sensitive criterlon
of radiation effects. Two approaches can be made, each proe=

viding supplemantary information to the other. In both
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analyses, the initial welght is held as the independent vari-
able, If the dependent varisble is the post-irradiation
welght, then, with two exceptions, the results are identical
to those attained by using the weight change from initial
welght as the dependent variable,

The exceptions to this similarity sre in the regressions
and correlations derived from the analyses. The regressions
and correlations of welght on weight are always positive, are
initially high, and progressively decline towsrd zero with
increasing age. The regressions and correlations of welght
change on welght are negative, initlally low, and progres=-
gsively rlse toward minus one wilith increasing age., The adjuste
ment of the body welght to a constant initlal welight can be
determined directly from the regression of weight on welght,.
If the welght change is adjusted, then added to the constent
initial weight, the results are the same as for the direct
ad justment of the body welght,

At most age levels, the regressions within each dosage
1avellare slignificantly different, As a result, the Indi=-
vidual regressions for each dose and age level are used for
ad justment of the body weight means, a procedure that succeeds

In removing the sampling varistlon in the iniltial weighta,
Over~all radiation response

Examination of the data in Table 2 and Figure 1 shows
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Table 2, Over~all Body Welght Means; Adjusted to
the 40«day Weight

Age Mean SeEe Mean Weight change?
days log grama grams  per cent
T 40 1,210  #.003 16,22
or 41 1.217  $.001 16,48  40.26  +1.6
42 1.223 +.002 18.71 +0.49 +3.0
80 - 1.278 +.,002 18,88 +2,66 +16.4
85 1.298 +.,002 19,86 +3.64 +22,4
60 1.302 +.002 20,04 +3.82 +23,.6
20r 41 1,210 +.001 16.22 0.00 0.0
42 1.217 +.,002 16.48 +0.26 + 1.6
45 1,242  ¥.002 17.46 +1.2¢ + 7.8
80 1.274 +.002 18,79 +2,57 +15.8
55 1.299 +.003 19,91 +34 69 +22,7
60 1,302  ¥.003 20.04 +3.82  +25.8
200r 41 1.202 . +.001 15,92 ~04 30 - 1.8
42 1.207 = ¥.002 16,11 “0.11 = 0.7
45 1.233  ¥.,002 17,10 +0.88 4+ 5.4
55 1.289 +.004 19.45 +3.23 +19,9
60 1.293 . +.,004 19.63 +3.41 +21,0
400r 41 1.197 ++001 15,74 «0.48 - 3,0
42 1‘196 3.602 15‘67 ‘0055 - 5.4
45 1.214 :!"_0008 16,37 +0,15 + 0.9
50 1.2563 +.002 17.91 +1,69 +10.4
55 1.282 +.003 19.14 #2.92  +18.0
60 1.289 +.003 19.45 +3.23 +19,9
800 41 10135 .“"_0091 15.87 (0,55 - 3,4
42 10184 3‘0002 15028 "‘0&94 Lod 5.8
45 1.186  ¥.003 15,31 ~0,91 = 5.6
50 1.20%  %.003 15,96 -0.26 = 1.8
856 1.224 +.004 16,75 +0,53 + 3.3
60 1,242 +.004 17.46 +1.24 + 7.6

Iantilog of mean logarithm in column 5.

QMe&aurad from the 40-day weight, e¢olumn 5.

#IW = pre~irradiation mean initial weight for all mice,
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justed to a constant 40-day welght,
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that a definite body weight response exists, even at the lowest
exposure level of 20r, A series of significance tests on the
differences betwsen the control and 20r mesns and the control

and 200r means, at each of the age levels, are glven in Table 3,

Table 3. Significance of the Differences Between Adjusted
Body Weight Means; 0~20r; 0-200r.

ﬂwiwwmmm, "ﬁ"iefeigm

mgégww“wmw%;égvai}fgé;mmuwé;g:wwwwW”m,wy‘

days ence (log) difr.

0=20r
41 0077 +,0018 4,18 <.0001
42 0067 ¥.0025 2,64 .008
45 0039 $.0028 1.36 .17
50 0026 +.0037 0472 .47
55 +0004 +.0043 0.10 .92
60 .0007 ¥.0045 0.15 .88

0=200r
4] .0154 +.0018 8,36 £{,0001
42 «0186 +.0025 6.52 <.0001
45 0136 +.0028 4,79 £.0001
50 .0128 ¥.0037 3447 .0006
55 +00986 +.0043 2,23 «028
60 « 0090 +.0045 1.99 . 047

#238 degrees of freedom,

For the first 48 hours after exposure, a dose of 20r can
be expected to create a signiflcant weight response in 40-day-
old mice, Beyond that point, the differences are well within

the limits of rendom devistion, The differences between the
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Or and 200 r» means are always significant.

The correlation between the adjusted means and the dosage
of radiation 1s always high. The greatest degree of linearity
of this relatlionship is seen at 45 and 50 days of age, When
ad justed means are used, the correlations and regressions that
are derived are the same for either body welight or welght
change, The presentation is in terms of weight change, as
this is a more sensitive measure without prior statistical
ad Justmentg, The use of unadjusted mean welght changes gives
correlations that are not significantly different from those
derived from adjusted values, The use of unadjusted bhody
weights, however, because of sampling warlation, mey even
yield positive correlations with dosage, when in actuallty,
the response ls negatively correlated with dose to a nearly

perfect degree,

Table 4, Regressions and Correlations of Weight Change
with Dosage., Over-all Means.

interval Regression Correlation P level*
days per roentgen

40=41 -« 0000246 /mouse - 870 «10=,05
40=42 ». 0000463 /mouse -0 969 .01-,001
40=45 -, 0000764 /mouse -, 998 <,001
40=50 -, 0000886 /mouse -, 982 01,001
40=55 - 0000905 /mouse -, 961 +01=,001
40=80 «.0000718/mouse -~ D56 «02-,01

#3 degrees of freedom,



The regressions of weight change on dosage and their
sccompany ing corfelationa are presented in Table 4, These
data will be discussed in more detail in a later seetion,; slnce
they will be used In an empiricsl procedure deslgned to de=-
termine the relative reslstance levels of the six strains used

in this study,

Radlatlion responge 86X

W
LA :

A gmall dlfference 1n welght response of the two sexes
exista, If the data for the males (Table 5 and Figure 2) 1is
compared with that for the females (Table 6 and Figure 3),
the females show a more complete recovery from welight loss,
By the 15th day after exposure, there ig little or no differ-
ence between the female body weights at the cecontrol, 20r,
and 200r levels, while in the males, only the control and 20r
mice have converged by the 15th day. Inltlally, the effect
in the two sexes 1s nearly the same, but this similarity is
gone by the fifth postelrradiation day.

If one looks at the actual welight changes given In Tables
5 and 6, the females consistently present a greater loss than
the males in both ahsolute and relative terms, However, this
apparent paradox 1s 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 28 per cent In the males,

This fact completely counterbalances the slightly grester
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Table 5, Males - Body Welght Means; Adjusted
to the 40-day Welght.

Dose Age Mean S.HE, Meanl Welght changeg
days log grams grams per cent
I 40 1,234 +.004 17,14
42 1,251 +.002 17.82 +0,68 + 4,0
45 1.278 +,002 18,97 +1.83 +10,7
50 1,310 +.003 20.42 +3,28 +19.1
55 1.334 +.003 21,58 +4,44 +25,9
60 1,340 +,002 21.88 +4,74 +27.7
20r 41 1,256 +,002 17.22 +0,08 + 0.5
42 1.243 +,002 17.50 +0.36 + 2.1
45 1,272 +.002 18,71 +1,57 + 9,2
50 1,306 +.,003 20,23 +3.,09 +18,0
58 1,334 +.004 21,58 +4,44 +25,9
60 1.338 +.004 21.78 +4,64 +27.1
200 41 1.298 +.002 16,90 -0, 24 - l.4
42 1.232 +,002 17,08 -0.08 - 045
45 1.260 +.,00%2 18,20 +1,08 + 6.2
50 1.290 +4005 19.50 +2.36 +13.8
88 1,317 :’;Q 008 20,75 +3,61 +21,1
60 1.321 +.006 20,94 +3.80 +22,2
400r 41 1.222 +.002 18.67 ~04 47 - 2,7
42 13222 _""‘__.003 16.67 "0.47 - 2.'7
45 1.243 +.003 17.50 +0.36 + 2,1
50 1.284 +.003 18.23 +2.,09 +12,2
55 1,314 +.003 20,61 +3.47 +20,2
60 1.322 +,003 20,99 +3,85 +22,5
800r 41 1.221 +.002 16,63 =-0,51 - 3.0
42 1.210 +.,002 16.22 (0,92 - 5.4
45 1.211 +.003 16,26 «0.88 « 5,1
50 10231 :"‘_9004: 17002 "0.12 - 007
55 1,251 +.004 17.82 +0.68 + 4,0
60 1.268 +4005 18.54 +1.40 + 8,2

iAntilog of mean logarith - column 3.

Measured from the 40-~day weight - column 5,

*IW = pre=-irradiation mean initial weight for all males,
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congtant 40-day weight,



“35m

Table 6, Females « Body Weight HMeans; Adjusted
to the 40-day Welght,

Dose Age Hean S.E. Mean Welght change2
days log grams grams  per cent
I 40 1.186 +,004 15.35
Or 41 1,193 _t_nGOI 15,60 +0.25 + 1.6
42 1,196 +.002 15,70 +0,35 + 2,3
45 1.214 +,002 16,37 +1,02 + 6.6
50 1l.242 +.003 17.46 +2.11 +13.7
886 1.264 +,003 18,37 +3.02 +19,7
60 1.265 +.003 18,41 +3,08 +19,9
20 41 1;183 ;"‘"0003 15084 "'0.11 - 04,7
42 1,190 +4003 156.49 +0,14 + 0.9
45 1.212 +.002 16,29 +0,94 + 6,1
50 1.241 +4003 17.42 +2,07 +13.,5
55 1.264 +.003 18,37 +3,02 +19,7
60 1,265 +.003 18,41 +3.06 +19,9
200r 41 1.178 +.002 15,00 =0 ¢35 - 2,3
42 l.182 +.002 15.21 ~0.14 - 0,9
45 1.206 +.003 16,07 +0,72 + 4,7
50 1,238 +.003 17.30 +1.95 +12.,7
55 1.263 +.003 18,32 +2,97 +19.3
60 1.267 +.,003 18,49 +3,14 +20,5
45 1,186 +.002 15,35 0.00 0.0
50 1.221 +.003 18,63 +1.28 + 8,3
55 1,249 +.003 17,74 +2.39 +15,6
60 1.257 +.003 18,07 +2,72 +17.7
800r 41 1.169 +.002 14,76 «0,59 - 3.8
42 1.159 +.002 14,42 «0,93 - 6,1
45 1.159 #.003 14.42 ~0.93 - 641
50 1.177 +.004 15,03 ~0e32 - 2,1
55 1.197 +.005 15,74 +0,39 + 2,85
60 1.217 +.,005 16,48 +1.13 + 7.4

iAntilog of mean logarithm - column 3.
2Measured from the 40-day welght -~ column 5,

#IW = Pre~irradiation mean initial weight for all females,
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losses sustalned by the females, since these losses are less
saevere with respect to theilr normal welght, For example, ten
days after exposure to 800r, the males are 3,40 grams below
thelr eontrols, but the females are only 2.43 grams below their
controls., In addition, by twenty days after exposure, the
femalea are 1,13 grams over thelr starting weight as compared
to 1,40 grams for the males; however, the latter are still

334 grams, or 70 per cent, below the normal gain, while the
females are only 1,93 grams, or 63 per cent, helow thelr normal

gain,

Table 7. Regressions of Weight Change on Dosage by Sex

interval
daysa Male Female
40=41 -, 0000242 -,0000246
40=42 - 0000478 - 0000444
40=45 -4, 0000819 -, 0000701
40«50 -,0000948 =,0000815
40«55 -4 0000992 -, 0000820
40-60 -, 0000852 - =40000593

The female regressions of welght change on dosage are,
with one exception, lower than those of the maleas., A compari-
son of these regressions 1s given in Table 7.

Only at the first post-irradi&tipn interval does the male

show a lower regression than the female., The differences
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between the two regressions are never statistically signifie
cant, but the consistency of the difference would bolster the
assumption that the female is slightly more resistent to
welght change, at least, on & roentgen by roentgen basis.

The importance of the expected normal gain in weight is demon-
strated in thls comparison, as 1t constitutea one of the
points on the regression. Ignorence of the control gain could
lead to the assumption that the male can more effectively re-

sist the irradistion.

Radiation response by strain

Strain BRI, This strain ls characterized by its rather
high resistance to welght change, As seen in Table 8 and
Flgure 4, only the 800r mlce continue to show & depression
below the normal at &0~days of age., In addltion, a very
definite and rapld recovery zets in at all doses by the second
post-irradlation day at the latest,

Strailn Z., The data in Table 9 and Figure 5 relate a
comparatively more extended response, particularly at 800r.
However, this strain also shows a rapld recovery, but in a
different manner than strain RI, The latter strain has a
consistent, progressive recovery at B800r, while the Z mice
show a very sudden regain of welght losa between the tenth
and fifteenth poste~irradiation days,

Strain 8, The S mice are another relatively resistant

group of animals, Thisg strain ias more uniform in 1ts response
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Table 8, Strain RI -~ Body Welght Meansj Adjusted
to the 40-day Welght.

Doge Age Mean S.E. Meank Welght changégﬁ
days log grams grams  per cent
I 40 1,299 +,010 19.91
Or 41 1,307 +.002 20.28 +0,37 + 1,9
45 1.338 i.005 21.68 +1,77 + 8,9
50 1,368 +.008 23.33 +3,42 +17,2
58 1.388 +.005 24,27 +4,36 +21,9
60 1.390 +.003 24,55 +4,64 +23.3
20r 41 1.298 +.003 19.86 =-0,05 - 063
42 1.304 +.003 20.14 +0.23 + 1.2
45 1.333 4+.003 21.53 +1,62 + 8,1
50 1.365 +.004 23417 +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
45 1.33%6 +.003 21.68 +1,77 + 8.9
50 1.358 +.004 22,80 +2.89 +14,5
55 1.384 +.003 24,21 +4,30 +21,8
60 1.396 +.005 24,89 +4,98 +25,0
400r 41 1,291 +.002 19.54 0,37 - 1.9
42 1.287 +,002 19.36 «0.55 - 2,8
45 1,310 =+004 20,42 +0,51 + 2.6
50 1,381 +.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 1.292 +.003 19,59 =0,32 - 1,8
42 1.2‘74 j’_.OOS 18074 “1.17 - 5.9
45 1.289 - 44005 19,45 0,46 - 2,3
50 1.319 +6005 20,84 +0,93 + 4,7
55 1.346 +.007 22.18 +2,27 +11,.4
60 1,387 +.007 23,28 +3.37 +16,9

l&ntilog of mean logarithm in column 3,

gﬁﬁaasured from the 40~-day weight - column 5,

#IW = Pre-irradiation mean initial weight for all RI mice.
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Table 9, Straln 2 « Body Welght Means; Adjusted
to the 40-day Weight.

Dose  Age Mean S.E. Meanl Welght change
day log grams grams  per cent
I 40 1,236 +.008 17,22
Or 41 1.251 +.005 17.82 +0,60 + 3.5
45 1.269 +,004 18,58 +1.36 + 7.9
50 1.296 +,006 19,77 +2.58 +14,8
55 1.304 +.003 20,14 +2,92 +17,0
60 1.308 ¥.005 20,32 +3.10  +18.0
207 41 1.287 +,004 17.26 +0,04  + 0.2
42 1.242 +.,005 17.486 +0,24 + 1.4
45 1.2861 +.005 18,24 +1,02 + 5.9
50 1.294 +.005 19.68 +2,46 +14,3
586 1.320 ++,005 20,89 +3,87 +21,3
200r 41 1.223 +.005 16,71 0451 - 340
42 10‘”326 _‘?:.006 16‘85 “'0.59 - 2'5
45 1.248 +.,006 17,70 +0.48 + 2.8
55 1,315 $.013 20.65 #3.43  +19.9
60 1.308 +.013 20,32 +3,10 +18,.0
4001‘ 41 1.221 _"“.0003 16.65 -0.59 - 3.4
42 1.224 +.003 16,75 0447 - 2,7
45 1.243 4,004 17.50 +0.28 + 1.6
50 1.273 +,003 18,75 +1.53 + 8,9
55 1.304 +.004 20.14 +2,92 +17.0
80 1.310 +.004 20,42 +3.20 +18,6
800r 41 1.219 +.004 16,56 =466 - 3.8
42 1.214 +4004 16.37 =085 - 4,9
45 1.219 +.008 16.56 «0e66 - 3.8
50 1.227 +.006 16.87 w0435 - 2,0
B8 1»3?4 ﬂ:’.OOG 18,79 +1.57 + 9.1
60 1.292  $.005 19.59 +2.37  +13.8
1

Antlilog of mean logarithm in colum 3,
2wensured from the 40-day weight - column 5,
#IW = Pre-irradiastion mean initial weight for all Z mice.
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{Table 10 and Figure 8), However, by the tenth day sfter ox-
posure, the only mice showing a continued reaction are those
at 800r, Here, ss in strain RI, the recovery ls progressive
and steady, In all three of these strains (RI, Z, md 3),
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 24 per cent below the control galn, the RI mice
are 27 per cent below, and the S mice 36 per cent below the
control, An equivﬁlemca of gzain at 800r in the 5 and Z mice,
3;4 grams, 13 a more Tavorable quantity in strain Z which hsas
the amaller normal rate of galn.

Strain E. Table 11 end Figure 7 present the data on
strain B, A somewhat more severe reaponse is indicated, At
all exposure levels, the mice remain depressed below the
normal, Recovery in the 800r mice 1s delayed untll the 45th
day of age, These mice show a maximum loss at 800r that is
gimilar to straln 83 however, a difference iIn the rate of
loss exists. The 8 mice lose 0.67 grams In two days, while
the B mice loze 0,72 grams over the filrvrst flve days,

Strain ¥, in sddition, shows the greatesit proportionate
normal welght gain, 31 per cent of the initlal welght by 60
days of age, Fven though the RI mice have a higher absolute
gain, 4,64 gramg to the 4,16 grams In the E mice, it only
constitutes a gain of 23 per cent of their iniltlal weight,

Strain L. This strain 1s decidedly more susceptible to
a welght loss following x~lrradiation. Table 12 and Figure 8
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Table 10, Straln 5 « Body Welght Means; Adjusted
to the 40-day Welght,

Dose Age Mean S.E. Meanl Weight change
days log grams grams  per cent
T 40 1,194 +.009 15.63
Or 41 1,196 +.005 15,70 +0,07 + 0.4
42 1.207 +.010 16,11 +0.48 + 3.1
45 1.235 +.007 17,18 +1,55 + 9.9
50 1,262 +4007 18,28 +2,65 +17.0
56 1.286 +.007 19,32 +3,69 +23.6
80 1.287 +.009 19.36 +3.73  +23.9
20y 41 1.195 +.002 15,67 +0.,04 + 0.3
42 1.202 +.,006 15,92 +0,29 + 1.9
45 1,232 +.003 17,08 +1,43 + 9.1
50 1.262 +,003 18,28 +2,65 +17,0
55 1.292 +.003 18,59 +3,96 +25,3
60 1,290 +.007 19,50 +3.87 +24,8
200r 41 1.189 +.004 15,456 -0,18 - 1.2
42 1.192 +,005 15,56 0,07 - 0.4
45 1.222 +4007 16,67 +1.04 + 8.7
50 1.264 +.008 18,37 +2,74 +17.5
58 1.289 +.006 19,45 +3,82 +24,4
80 1.290 +,006 19.50 +3.87 +24,8
400r 41 1.18%7 +.004 15,38 0,25 - 1.6
45 1.209 +.006 16,18 +0.55 + 3.5
50 1.255 +.003 17.99 +2,38 +15,1
55 1.286 +,003 19,32 +3,69 +23.6
60 1,291 +.003 19,54 +3.,91  +25,0
800p 41 1.181 +.004 15,17 «0,46 - 2,9
42 1.175 +4005 14,96 «0467 - 4,3
45 1,183 +.004 15,24 «0.39 - 2,5
50 1,209 +.004 16.18 +0456 + 3.5
55 1.2386 +4004 17.22 +1,59 +10.2
60 1.256 +.004 18,03 +2,40 +15.4

1Ant110g of mean logarithm in colum 3,
2Measured from 40~-day welight - column 5,
#IW = Pre~irradiation mean initial weight for all 8 mice,



BODY WEIGHT-GRAMS - LOG SCALE

«45=

Or

20«
200r
—--=— 400r

15 |- -
L1 i 1 |
404142 45 50 55 60
AGE-DAYS
30+ 40 TO0 50 DAYS
ul
3 L5 00 °
g : ' o
w 20+
©
(o) 1.5+
~
! 1.0
wn
>
a 05 o
@ L1 1 1 I
<
w 20r- 40TO 45 DAYS
Z 15+
I
T 10
T +05 ¢t
(&)
w O
2
-05
L4 I\ 1 L
020 200 400 800
DOSAGE-ROENTGENS
Figure 6, Strain 3 body weight means (upper); resrcssion of

weight change on dose (lower)., All valuea ade
justed to a constant 40-day weight,



oottt T A e e i

Table 11,

u46-

Strain £ « Body Welght Meana; AdJusted
to the 40-day Welght.

Dose  Age Me an S.E. Meanl welght change?
days log grams grams per cent
TWe 40 1,125 +.009 13,34
Or 41 1.131 +.004 15,52 +0,18 + 1.3
42 1,137 +.005 13.71 +0. 37 + 2,8
45 1,168 +,006 14,72 +1,38 +10.3
50 1.187 +.006 15,74 +2,40 +13.0
556 1,228 +.007 16.90 +3,56 +26,7
60 1;943 23'.."’006 17.50 +4,18 +51o2
20r 41 1.124 +.004 13430 -0.04 - 0.3
42 1.133 +.005 13,58 $0.24  + 1.8
45 1,183 3'__.006 14.55 +1.21 + 9.1
50 1,199 +.008 15.81 +2,47 +18,5
55 1.228 +.010 16,79 +3.45 +28,.9
60 1.230 +.008 16,98 +3,64 +27.3
200y 41 1.123 +.003 13,27 -0,07 « 0.5
42 1.130 +.002 13,49 +0.15 + 1.1
45 1.158 +.,0086 14,39 +1.,05 + 7.9
50 1.191 +.007 15,52 +2.18 +16.3
55 1.223 +.007 16,71 +3.37 +25,3
80 1.232 +.007 17,06 +3.72 +27,9
400r 41 1,113 +,004 12,97 -0y 37 - 2,8
4‘3 10110 2"_.0@4 lg¢88 *0.46 had 5.4
45 1,129 ¥.007 13,46 #0.12  + 0.9
50 1,172 +.008 14.886 +1.52 +11.4
55 1,209 +.009 16.18 +2.84 +21.3
80 1.219 +.,009 16.56 +3,22 +24,1
800r 41 1.109 +.003 12.85 w(,49 - 3.7
42 1.164 ichﬁ 1?:.'71 "0.65 - 4:.7
45 1&101 t_.OU’? 1?)062 -0.72 - 5‘4
50 1,134 +.008 13,81 +0.27 + 2,0
65 1.187 +.011 14,69 +1,35 +10.1
80 1.177 z.()lg 15,03 +1,69 +12,7
1

Antilog of mean logarithm in columm 3,

2Measured from the 40=day weight = column 5,
#IW = Pre~irradiation mean initial weight for all E mice,
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Table 12, S8train L - Body Weight Yeans; Adjusted
to the 40-day Welght,

Dose Age Mean S.E, Meanl Welght change
daya log grams grams per cent
Twn 40 1.191 +.007 15.52
Or 41 1.195 +.002 15,67 +0,15 + 1.0
42 1.196 1'(}0?’ 15‘70 +0,.18 + 1.8
45 1.220 +.,002 16,860 +1,08 + 7.0
50 1,285 +.,004 17,99 +2,47 +15,9
55 1.277 +.004 18,92 +3,40 +21,9
60 1.279 +.006 19,01 +3,49 +22,5
20r 41 1,192 +.004 15.56 +0,.,04 + 0.3
42 1.204 +.004 16,00 +0,48 + 3.1
45 1.225 +.,005 16,79 +1,27 + 8,2
50 1.288 +.004 18,03 +2,51 +16,2
55 1.283 +.005 19.19 C+3.,67 +23,6
80 1.283 +.,004 19,19 +3,67 +23.6
200r 41 1.181 +,004 15.17 0,35 - 2,3
45 1.208 +,007 16,14 +0,62 + 4,0
50 1.235 +.013 17.18 +1.66 +10,.7
55 1.258 4,012 18,11 - #2459 +16,7
60 1.283 +.013 18,32 +2,80 +18,0
400r 41 1.175 +.004 14.96 «0.58 w 3,6
45 1.191 +.004 15,52 0,00 0.0
50 1.230 +,007 16,98 +1.46 + 9.4
55 1,254 +.009 17.95 +2,43 +15,7
60 1.271 +.010 18.66 +3.14 +20,2
800r 41 1.189 +.004 14.76 Q0,76 - 4,9
42 1.158 +.004 14,39 «1e13 - 7.3
45 1.180 +,007 14,45 ~1,07 - 6,9
50 1.177 +,003 15,03 «0,49 - 3,2
55 l.187 +.,015 15.38 «0,14 - 0.9
60 1.2085 +.012 16,03 +0,51 + 3.3

1Antilog of mean logarithm in colum 3,

2

‘Measured from the 40-day welght - column S5,

#IW = Pre-irradliation mean initial weight for all L mice,
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indicate that, exeepting the 20r group, the 200r, 400r and
800r mice are considerably depressed in their growth. Re-
covery sets in, even at 800r, as early as 42 days of age, but
the rate of regaln is very slow, Thus, by 60 days of age, the
800r mice are only 0.5l grams above the iniltiel weight, This
constitutes an 85 per cent depression from the normal gain of
the controls. Gomparatively, the E straln, at 800r, 18 59 per
cent belo& the expected normal gain,

Since the L mice have a considerably lower control rate
of gain, they are not as severely affected as are the E mice
at the lower doses, At 400r, 60 days of sasge, this 1s c¢learly
brought out, The L mice have attained 90 per cent of their
expeetsd normal gain, while the E mice have only gained 77 per
¢ent of thelr normel, Both strains have an absolute gain of
about 3.2 grams at this dose and age level, The greater suse
ceptibllity of the L astrain lles in the 800r response, not
only through grester absolute and relative losses, but also
because of a slower rate of recovery.

Straln Ba,. ?haaa'miae are unquesationably the most susge~
ceptible to welght lcss, At all exposube levels, they are
consistently retarded in their growth (Table 13 and Figure
9)s The most striking difference from the other stralns lies
in the 800r level. The Ba mlce continue to lose welght
through the first 15 days after exposure, as compared to the
usual two days in the other stralns. Even though recovery

sets in between the 5Bth and 60th days of age, they still
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Table 13. Strain Ba « Body Weight Means; Adjusted
to the 40~-day Welght.

Doae Age Mean S.E. Meanl Welght changaz
days log grams grams per cent

I 40 1.214 +.007 16,37

Or 41 1.221 +.002 16,63 +0.26 + 1.6
45 1.251 +.003 17.82 +1,45 + 8.9
50 1.280 +.005 19.05 +2,68 +16.4
55 1.303 +,008 20,09 +3.72 +22,7
60 1.300 +.005 19,95 +3.58 +21.9
42 1.214 +.006 16,37 0.00 0.0
45 1.238 +.007 17,30 +0.,93 + 57
50 1.265 +.008 18,41 +2,04 +12.5
55 1.288 +.010 19.32 +2,95 +18,0
60 1.289 +.011 19.45 +3.08 +18,.8
45 1.2286 +.004 16.83 +0,46 + 2,8
50 1,258 +.005 18.11 +1.74 +10,6
55 1.283 +.008 19.19 +2,82 +17,.2
60 1.291 +.008 19.54 +3.17 +19.4

400r 41 1,199 +.003 15,81 ~0.56 - 3.4
42 1.188 +.005 15,78 =0.59 - 3.6
45 1.206 +.008 16,07 «0430 - 1.8
50 1.243 +.005 17.50 +1,13 + 6,9
55 1.286 4.006 18,45 +2.08 +12,7
80 1.272 +.007 18,71 +2.34 +14.3

BOOI' 41 1.190 _t.OO?J 15&49 "0088 -~ 504
42 1,174 +.003 14,93 -1.44 - 8.8
485 1,148 +.008 14.06 -2, 31 -14,1
50 1,138 +.010 13,74 2463 «16.1
58 1.119 +.012 13.15 54292 =19,7
80 1.152 +.,015 14,19 -2,18 -13.3

lAntilag of mean logarithm in columm 3,

aMeasured from the 40-day weight - column 5,

#IW = Prewirradiation mean inlitisl weight for all Ba mice,
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show a welght loss of over two grams, or 13.3 per cent of the
initial welight, At the maximum loss, nearly a 20 per cent re=-
duction in the starting welght occurs. With respect to thelr
control galn at 60«days, the 800r mice are 161 per cent below
thelir expected welight gain, Compraratively, the different
strains at 800r and 60 days of age show the followlng depresw-
- s8lons below thelr expected galnsj Z: 24 per cent; RI: 27 per
cent; S: 36 per cent; X2 59 per cent; L: 85 per cent; Ba: 161
per cent,

Although strain differences in response appear to be
most expressive at the 800r dosage level, direct comparison
of a suseceptible and a resistant strain points out that a
genetic difference Iin railow~sensitivity can even exist at 20r,

Pigure 10 graphicallyvémphasizes the importsnce of the
individual's genotypre in investigating radiation response, at
least with reaspeet to body welght, The two strains compared,
Ba and 8, show many outward similarities. At 40 days of age,
they differ by only about 0,8 grams of body weight, strain Ba
being the heavlier, The Ba mice gain 3,58 grams over tha 20=-
day vperiod, or 21,9 per cent of their initial weight, Strain
8 weins 3.73 grams, or 25,9 per cent of the initial weight,
Congsequently, the control growth curves are nearly narallel,
with the Ba mice maintaining their welght superiority. The
curves only include data up to the 55th day of age, asz this
range covers all the estimates of llve weights,

At 20r, the more susceptible Ba mice are depressed iIn
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thelr growth so that by 55 days of sge they have become lighter
than the 8 mice. This differential growth inhibition becomes
more completely expressed at 200r and 400r. At 800r, the dilf=
ference is extreme, The point where the Ba curve drops below
the 8§ curve appears progresgively sooner after exposure with
Increasing dosage. As these data Indicate, body weight and
normal weight gain, alone, could be disustrous criteria for

assuming any extenasive amount of genetic similarity.

Table 14, Significance of the 0-20r Body Weight Differences
in Strains Ba and S,

Mean weight
Age Strain difference SeEegire. t P leveld
days log
}}3 00094: 3.0031 5. 07 001‘.001
42 S 00186 +.0091 0.17 «90-= .80
Ea 00178 i-_.OOﬁ'? 2- 64 002"001

#3538 degrees of freedom,

The genetlie dissimllarity of these two strains can be
further substantlated by the significance of the weight re-
gponse at 20r when compared to the controls. This is sume
marized in Table 14, The data clearly indicate that the mean
welght differences are highly significant in the case of the
susceptible Ba strain, but that the 20r response 1s within
the limits df sampling variation in the resistant 8 mlce,



On this basis, the minimum level at which radiation effects
may be observed will depend upon the genetle constitution of

the materials studied,

Quentitation of body welght response to irradiation

The amownt of variation in weigﬁt change that is due to
thasa'gmnetic dif ferences can be given a guantitative exprese
sion, As previously deserived, the estimated components of
variance can be utilized to express the amount of varlation
in welght rempmﬁaa attributable to the varlous effects and
interactions. The derived values for the eomponents must be
considered as somewhat tentative due ta‘the known hetero-
genelty of the within-dosage regresglons that enter Into the
estimates, Similerly, 2 heterogenelty of varlance between
the dosage levels and between the strains i1z recognized but
put selde in an effort to provide the best available estimates
of the different components,

T™e results of the component analysis are presented in
Table 15 and Figure 1l. These date substantlate the indicated
gtraln differences in rédiatiom responge, as depicted by the
strain by treatment (87) component. A maximum occurs 15 days
sfter exposure, when 17 per cent of the total variation is
attributable to these genetlc differences in response,

The over-all weight response to the radiation is maximum
five days after exposure, rising repidly to a pesk of 43 per

cent, A progressive decline then 1s established., Strailn



Table 15,

Absolute Variance and Percentage of Total Variation

Component of

Weight change interval - days

Breakdown of Varlation in Weight Change into the Components;

variation 40-41 40-42 40-45 40-50 40-55 A0 ~60
Strain effect s .0000184 ,000015% ,0001078 .0002411 .0003738 .0005306
A 6,2 2.8 8.2 11.5 12.8 19.3
Treatment effect T .0000827 ,0002358 ,0005641 ,0007638 .0008074 ,0004773
% 27,7 42,1 43,0 36.4 27,7 17.4
Straln x treate ST .0000048 .0000117 .0000790 .0001933 .0004978 0003745
ment effect A 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  B.4 7.0 10.5
Sex effect P 0000240 .0000361 ° .0001101 .0002060 ,0002875 .0003330
% 8.0 6.5 8.4 9.8 5.8 12.1
Sex x straln effect FS 0 .0 0000083 0000071 .0000020 .0000183
A o 0 0.6 0.3 0.1 0.7
Sex x treatment FT .0 .0 .0000079 ,0000206 ,0000220 .0000404
effect 4 0 0 0.6 1.0 0.8 1.5
Sex x strain x FST «0 +0000004 O o0 .0 +0
treatment % 0 0.1 0 0 o 0
Sex x litter effect E ,0001250 .0001720 .0002610 .0004900 .0007240 0006830
% 41,8 30,7 19.9 23.4 24,8 24,9
Total variation .0002989 ,0005599 0013127 .0020984 ,0029200 .0027461
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differences in welght change progressively increase throughout
the 20-day period, The sex difference in gealn is also pro-
gregslively increasing to its final vslue of 12 per cent as
compared to 19 per cent betwsen strains., The Interactlions of
sex with straing and with treatments are negligible,

Uneontrollable variation drops sharply to a minimum be-
tween the 50th and 55th days of age, From Table 15, 1t 1s
apparent that the variation between lltters is notva gerious
source of varlation in these data, Indicating s high degree
of withineatrain uniformity in response., This is very dif-
ferent from a recent dosage-mortality study on an Iinbred
strain of mice (Kaplan and Brown, 1952), wherein a signifie
cent amount of heterogeneous response was encountered on a
between-lltter basis, However, mn alleor-none tyﬁe of re=
sponse, such ag lethality, Intrinsically carriea the threat
- of greater varlation Setwaen litters, particulsarly in the
mid«lethal range. A body welght or weight change response,
on the other hand, entalling only living ahimals, cen ressone
ably be expeeted to show more uniformity,

The sex by lltter interaction, essentiaslly a withine
livter source of variation, contributes from one=fifth to two=
fifths of the total variations 2s seen in Table 15, Since
this 1s due to the varlation around the mean within-litter
gex difference In body weight or weight change, 1t then
seems plausible that sex differences in radiation response

have been erratle and diffieult to isolate, When they do
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exlst, the female has generally been favored as the more ree
slstant sex (Cronkite and Chapman, 1949),

In summary, the following varisbles appear to enter into
the body weight response to x-irradiation: baslec genetic dif-
ferences in initial body welght, genetic differences in the
normal pain, and genetic differences in the actual welght re-
sponse to x-ray. The latter factor cen be broken down into
additional variables. At any glven dose, these are: differ-
ences in maximum loss, rate of loss, time of inception of
recovery, snd the rate of recovery. The simllarity of the
type of response shown by these stralns would not permlt the
asgumption that the genotype is capab;a of causlng qualita-
tively diffﬁrenﬁ responses, However, genetic factors appear
capable of exerting some control over the degree or quantity
of expression of these regponse characterlisties,

The observation of genetic differences in radlation re-
sponge leads to the problem of deriving the relative resist=
ance of these straing to sach other. Any method of sceling
must reasonably Integrate all of the different aspects of
the welight response, ‘The best prodedure involves the regres-
sions of weight change on dosage, "hese regressions do
Integrate and refleet the rate of galin, rate snd maxirmum
amount of loss, end the rate and time of recovery., They do
not refleet the initlsl weight as a single factor but will
contaln any influence 1t has upon the other response factors.

The regressions and their respective correlations, are given



-] -

in Teble 18,

T™he differences between the straln regressions at the
flrst two age Intervals are not statistically significant,
but the differences are highly significant (P <,001) at all
other ages, At any age level, these regressions indicate the
stralin differences in the amount of loss per unit of dosage
as it is Iinter~related with normal gain, Within a strain,
the eompariszon scross the age levels reflects the rate and
time of loss and reaovarj. Thus, a straln comparison across
the age levels should bring in all the response factors,

The weaknegs of this procedure lies in the non-linearity
of the response with dosage at several of the age levels,

The derivation of the regressions is based on the assumption
of an exiating linear function, However, there 1s apparently
no legltimate seale that renders the data completely linear
throughout. Pilgure 12 plots the over-all mean weight changes
with dosage, It can be seen that the weight echange over the
first day 1a decldedly curvilinear and that the radiation
effect becomes proportionately Je ss with Inereasing dose, At
the 42nd and 45th days of age, the response is qulte linear,
while at the last three age levels 1t becomes curvilinear
again. The latter situation is due to the lag in gain of the
800r mice,

The correlations of weight change and dose have been de=-
termined when using three different scsles for dosage. These

scaleg ars the logarithm of the dose, the arithmetic value of



Table 16,

on Dosage by Straln and Age Interval

Regressions and Correlations of Weight Change

Weight change interval - days

Strain Z0-41 20-45 "20-45 20-50 20-55 20-60

RI b x 108 -13.6 -45,7 -60.8 -58,1 -49,1 -34,4
r - .706 - 951 - ,963 - .985 - ,950 - ,923

pA b x 108 -32.6 -43,0 -57.6 84,3 46,7 -25.1
r - J779 - .887 - ,984 « ,983 = L B73 = .835

) b x 106 -18.8 -37.5 63,3 -64,7 62,6 -38,3
r . LO70 - 977 - .999 - .918 - ,888 - .837

B b x 108 -25.4 -42,9 -84,0 -81.6 74,3 ~73.9
r - ,925 - .944 - ,986 - ,988 - .968 - 960

L b x 108 -31.2 ~54,0 -79.2 -95,2 -112.0 -89,1
» - .938 - 967 - .995 - .982 - 972 - L0924

Ba b x 10° -32.3 ~60.3 ~121.1 -163.6 -213.1 -173,9
r - 902 - .952 - ,989 - 955 - 937 = .931




WEIGHT CHANGE - GRAMS - LOG SCALE

®—® 40 TO 41 DA -1.00
A—A40TO42 *
350 O—O040 TO4S "
: vV—940 T050 "
&—A40 TOS55 "
T—xa40 TO 60 " | W
3.0+ ©
-.90
8
o
2.5} o
4
<
2.0+ w
g 80
<- .
I
1.5 o
[
I
(L)
1.0k o '
e}
% 70 3
w
+0.5} >
o
p
or d
5- 60} LOG DOSAGE
o ———~ ARITH. DOSAGE
-0.51 © —---— ARITH. (DOSAGE)
-1.0 4, i 1 1 - 50LL 1L 4 1 ] 1
020 200 400 800 4142 45 50 55 60
DOSAGE -ROENTGENS AGE -DAYS

Meoure 12, Telstion of weicht change and dosame (left); correlation of
weirnht chanre with dosace on seve al scales (right),



«Bhw

the dose, and the square of the arithmetic value. The three
sets of correlations are plotted in Figure 12,

If the highest correlations indicate the most linear re~
lationship, then the straight arithmetic scale yields the best
regults., It is of interest to note, however, that the log=
arithm of the dose inltlally fits a linear functlon, while
a square of the dose 1s most linear terminally, The results
indicate that there la a triphsastic response wlth time,
while the break in response at 400r relates a biphasic re-
sponse with dosage.

The strain regressions have besn plotted at each age and
the ereas under the resulting curves grephleally eostimated,
Figure 13 gives the curves and emphasizes the genetic dige
parity that exista,.

The ares under the curve derived from the regressions in
the over-all mean data (Table 4) was arbitrarily given a value
of 1.0, The areas datarmined.fer each of the strains and for
the sexes were then expressed as & 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 iIn Flgure 14,
The slope used to determine the vertices of the 90 degree
angles had to be arbitrarily fixed by two points., The averw
age aree is considered as the 50 per cent point, and the most
gugceptible strain (Ba) is fixed st O per cent, The remain=-

ing stralns and the sexes are plotted on the ordinate and a
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line parallel to the absgclasa 1s run to the slope for sach
value. A perpendicular is then dropped to the absclssa and
the percentage resistance is determined. The final realst-

ance levels and the relative areass are glven In Table 17,

Teble 17, Relstive Areas snd Final Resistance
Levels of the Strains and Sexes

Relative

Sex or Resistance

strain area level

| A

Average 1.000 50.0
Males 1,085 45,6
Females 0,916 54,2
RI 0,647 68,1

% 0.714 64,8

8 0,723 64,1

E 0,942 52,7
L 1,145 42,5
Ba 1,974 0.0

Of particulsr interest are the final estimates for strains
Z2 and 3, Though nearly identlical in their final resistance,
their indlvidual patterns of resvonse show specifie differ-
ences., A8 gseen from Table 16, for the firgt ten days after
exposure the Z mice have a proportionately greater loss in
welght than the 8 mice, and consequently, muech steeper re-
gressions of weight change on dose., The rapid recovery phase
that the 7 mice enter between 50 and 55 days of age completely

counterbalances thelr more severe early losses, Their
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regressions, at the last two age levels, are lower than all
other stralins, This feature emphssizes the importance of the
time and rate of recovery as a genetlc differential,

The final.regiatanca levels cannot be considered as
definitive, since one strain ls fixed at O per cent., The uase
of strains with lesser or greater registances would shift all
of the estimstes, As well, estimates froma different set of
dosage levels would cause some chsnges, Nevertheless, for a
given set of date, it permits a working scale for comparative
gstudy and interpretation.

A method like this does not need to be limited to radia-
tion studies alone. Any investigatlion that involves a range
of dosege levels of some agent-wchemical, physical, or bio=-
logical--that iz capable of producing a set of correlated and
mesgurable responses can utilize & procedure similar to this
one, Its particular value lies in the use of living animala,
which avoids losing experimental material as in mortality
studies, Obviously, a living scale ls of greater practical
and theoretical value for integrated and quantitetive bio=

logleal investigation,

Organ Weight

An snalysis of covariance, eliminating the varlatlion in
body welght, has been used to analyze the orgsn weights., In

presenting and interpreting the results, the mean organ
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welghts at each dosage level have been adjusted to & constent
60-day body weight. The appropriate organ:body weight re-
gressions have been used to adjust the over=-all, sex, and
gatraln means., Standard errors are attached to these adjusted
means,

For the most part, the inter-dosage variatlion in the 60«
day body welghts 1s not great, so that the extent of the ade~
Justment 1s not serious, The 60~day body weights are not
adjusted weights themselves and still express the initial
sampling variation that was referred to sarlier, upon which
has been superw-imposed the effects of the radistion., 4s =&
result of sampling, In one atrain, Z, the observed 800r
mean 60-day body weight 1s slightly heavier than that of the
controls, Most strains, however, expresas the B800r growth
suppreassion at 60 days, particularly strain Ba, In the latter
strain, the organ welght adjustment requires an estimation
across a8 four-gram body welght shift. The standard errors
of such estimates are noticeably larger, however,

As Walter and Addis (1939) effeetively pointed out, the
comparison of organ welghts, between any treated and untreated
enimals, must be done with care when the organs are expressed
as 8 funection of the body weight., Unequivalent losses in fat
and body water in the trested and untreated body welghts can
cereate the satimation of sberrant organ welghts by over-
correction, In this respect, adjusted organ welghts of the

Ba mice at 800r may well be unrelliable estimates, since these
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mice were characterized by an emaclisted appeearance, However,
this should not detract from the large majority of the other

eatimetes,

Heart welght =~ over-all radiation response

The over-all mean radiatlon effects on heart weight sare
presented in Wable 18 and FPigure 15, The effect of the ad-
justment of the organ welghts is clearly depilcted., In eolumn
3s the observed mean heert welghts show a progressive declline
with inereasing dose, Similarly, the body welghts (columm 2)
show thig decline, Adjustment to the over-all mean body
welight (19,34 grams, columm 2) completely eliminates the
welght differences in the hearts., The adjuated means vary
by only 0.5 milligrams at the most, The wéights from the
irradiated mice are consistently lower than the control weight,
but these changea are not significant. The average effect

upon the unadjusted heart weight is probably entirely due to

inanition,

Radiation response by sgsex

The data of Table 18 and Figure 15 indicate that the two
sexes respond In an essentislly parallel manner, wlth no

significant effects arising,

Radiation response by strain

Several minor changes in heart welght occur after



Table 18, Heart Welght and 60-day Body Weight Means; by Dosage and by Sex and Dosage

Observed meansl Adji, means® '~ Adj. meansl po
Dose  Sex Body wt. H, wt. Heart wt. S.E. eart wt, Change from Or level

r grams mgs. log mgs. mgs,
0 19,92 114.0 2,047  4.003 111.4 at 238 df
200 19,74 112.8 2,046  ¥,003 111,.2 ~0,2 0,2
400 19,33 110.8 2,045  ¥.003 110.9 ~0.5 ~0.4
800 17.87 105,0 2.046  ¥,003 111.2 -0.2 -0,2
Over-all ‘
meansl 19.34 111.2
o 21.84  123.5 2,076  #,004  119.1 _ at 118 af Y
20 21,73 122.8 2,075 ¥.004 118.9 -0.2 -0.2 o
200 | 20.86  118.3 2,072  ¥.003  118,0 -1.1  =0.9 !
400 20,77 118.1 2,073  +.003 118.3 ~0.8 -0.7
800 18,99 110.4 2,073  ¥.004 118.3 -0.8 -04.7
Male means’t 20.81 118.5 _
0 Q 18.18 105.2 2,019 +,004 104.5 at 118 4f
20 18,22 104.7 2,016  ¥.004 103.8 -0.7 -0.7
200 18.69 107.5 2,019 ¥.004 104.5 0.0 0.0
400 17,99 104.0 2,016  ¥.004 103.8 -0.7 -047
800 , 16.81 99,9 2,020 +.004 104.7 +0.2 +0.2

Femsle means 17.97 104.2

lgeometric means

2Adjusted to the mean 60-day body weight

S5significance of the difference between adjusted means; 0-20r, 0-200r, etc.
s#Absence of entry here and in subsequent tables Indicates Insignificant change.
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Table 19, Heart Weight and 60-day Body Weight Meansi by Strain and Dosage

Observed mganal‘ Adj. means? Adj. means
Dose Strain Body wt. H. wt. Heart wt, S.E. Heart wt. Change from Or level
r grams mgs, log mgs. mgs . %
0 RI 24,35 134,9 2.131 +.006 135,2 at 38 4f
20 24,74 137.2 2.133 +.006 135.8 + 0.6 + 0.4
200 26,37 144,2 24137 +.0086 137.1 + 1.9 + 1l.4
400 23,47 132.4 2,133 +.006 135.8 + 0.6 + 0.4
800 1 23.26 137.4 2,152 +.,008 141.9 + 8.7 + 5.0 »02=.01
Strain means™ 24,41 137.2
0 VA 20,10 112.0 2,051 +.,006 112,.5 : at 38 4f
20 21,11 113.0 2,037 +.006 108, 9 - 3.6 = 3.2
200 12.256 104.5 2,038 +.008 10%.1 - 3.4 = 3,0
400 20.42 109.5 2,036 +.006 108.6 - 3.9 = 3.5 «10=-,03
800 1 20.26 - 108,9 2,036 +.,006 108,.6 - 349 = 3.5 < ,20=,10
Strain means 30422 109.5
o 5 19.81 119,5 2.066 +.007 116,4 at 38 4f
20 19,12 114,9 2,061 +.007 115.1 - 1.3 =~ 1.1
200 18,85 113,2 2,060 +.007 114.8 - 1.6 -~ 1.4
400 }.9081 11405 2.047 200‘0? 111.4 - 5.0 had 45.5 010’.05
800 18,37 109.0 2,053 +.007 113,0 - 3.4 = 2,9

Strain meansl 16.18  114.9

lgeometric means
o
“Adjusted to the mean 60-day body weight

5Significance of the difference between adjusted means; 0-20r, 0-200r, ete.

-Qlim



Table 20, Heart Weight and 60~day Body Weight Means; by Strain and Dosage

Obgerved meangi‘ Adj. means® Adj. meangl 124

Dose 3train Body wt. H. wt. Heart wt, 3.E, eart wt, Change from Or level
r grams mgs., log mgs. mgs. % '

0 E 17.08 109.1 24031 +.008 107.4 at 38 4f
20 17.19 105.4 2.014 +.008 103.3 - 4,1 - 348 «20-,10
200 17.31 103.8 2,008 +.008 101.2 - 8,2 « 5,8 L05-,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 - 8.7 - 6,2 L,05-,02
Strain meansl T6.63 104,0 -

0 L 19.30 104,.2 2.004 +.008 100.9 at 38 4f
20 19.056 109,9 2.030 +.007 107.2 + 6.3 + 6.2 ,02-,01
200 17.84 108.9 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 1 17.30 102.7 2,026 +.008 106.2 + 5,3 + 5,3 .10-,05
Strain means 18,27 105,0

C Ba 19,57 107.0 2,004 +.008  100.9 at 38 4f
200 20,06 109.7 2,008 +.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 meanst IB.18  100.8

loeometric means

2Adjusted to the mean 60-day body weight
33ignificance of the difference between adjusted means; 0-20r, 0-200r, et

Ce

o?l‘a
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x«irradiation in some of the stralns (Tables 19 and 20).
Strains RI and L show an increase in weight at all irradla-
tion levels, This is a significant increase at 800r in the
RI mice, and at 20r and 200r in the I mice,

Strains Z, 3, and ¥ have lower mean welights after irradi=-
ation, but only those of the I mice are significant., The Ba
gtrain shows no change in adjusted heart weight, in spite of

their gross body weight response to the x-ray.

Table 21, Heart Welght ~ Component Analysis

Component of variatlon Percentage of Absolute
total variastion varlance

3 =« Stralin effect

28,3 .0003281
T » Treatment efflfect 0.0 O
8T « Strain x trestment effect Ha'7 « 0000660
I « Between litter effeect 21.1 0002445
P « Sex effect 0,0 o0
P8 « Soex x straln effect 2,8 . 0000327
T - 3ex x treatment effect 0.0 o0
F8Te Sex x strain x treatment 0.0 0
E = Sex x litter effeet 42,1 20004830
.0011593

The inereases In heart welght may be an indirect re=
fleetlion of a radiation induced snemia., Grossly, some of the
hearts of the RI mice were flabby and obviously larger than
normal. Cardisc diletation and hypertrophy are sometimes

seen in esnemiec states (Hull, 1980).
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The depressions in organ weight may refleet the general
growth retardstion induced by the x~ray. In stralns exhlbite
Ing this, it may prove to be a grester physlologic antagonist
than any anemic condition that may exist,

The component analysis of the heart weights 1s given In
Table 21, The uncontrollable varistion takes out 63 per cent
of the total, one~third of this lying between the lltters,
Basic strain differences in heart welght contribute 28 per
cent to the total variation, while the average radlation
effects are zero, However, as has been demonsirated, some
strain differentials in response do exist which amount to

nearly 6 per cent of the totel variatlon,

Kidney welght -« over-all radiation response

The kldnevs, like the heart, are relatively resisztant
organs, Table 22 and Figure 16 show that after body welght
variation is eliminated, llttle or no response occurs in kidney
weight, Again, there 1s a tendency for 2 welght depression to

exiast after exposure, with the exception of the mice at 800r.

Radlsbtion response by sex

The two sexes respond in & nearly parsllel manner, with
nelther showing 2 significent change from the control weight,
The basic difference in body weipght conceals the exlistence of
a very significant sex difference in kidney welght., The
‘famale has a strikingly lighter mean kidney weight, which has



Table 22. Kildney Welght and 60-day Body Weight Means; by Dosage and by Sex and Dosage

Qbserved meansl Adj. means?® Adji. meanslt p3
Doge Sex Body wt. X, wt, Kidney wt, S.E. Xidney wt, Change from Or level
T grams mgS. log mgs. mgse
0 19,92 334,.6 2.510 +.003 323.6 - at 238 4f
20 19,90 331.9 2.507 +.003 321.4 - 2,2 = 0,7
200 18.74 327.8 2.505 +.003 319,9 - 3.7 - 1.1
460 19.55 519;1 30504 _‘!:_0005 319.2 aad éné had 104
800 17.87 209,2 2.514 +.004 326.6 + 3.0 + 0.9
Over-all '
meansl 19.34 322,3
0 o 21.84 390G.6 2.567 +.005 369,0 at 118 4f |
20 21,73 387,9 2.566 ++005 368.1 - 0.9 = 0.2 N
200 20.86 364.6 2.561  +.005 363.9 - B.1 - 1.4 P
400 20,77 362,5 2.560 +.005 363.1 - 5,9 = 1,86
800 18,99 334.6 2.572 +.005 373.3 + 4,3 + 1.2
Male me angl waogI 367c 5 . -
0 g 18.18 286,.6 2.452 +.004 283,1 - at 118 4f
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 16,81 267,5 2,455 +.,004 285,.,1 + 2.0 + 0.7

Female meansl 17.97 2992, 6

lGeometric mesans
2ad justed to the mean 60-day body welght

5Significance of the difference between adjusted means; 0-20r, 0-200r, stc.
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been shown in these mice vreviously (Grahn, 1950)., This basic
difference, however, does not alter the resistance of the kid-

neyg in the two sexes,

Radiation response by strain

Tables 23 and 24 present the data on the different ﬁtrains.
Three strains, Z, S5, smd E, show consistent decreases in
welight after exposure, The same strains showed a similar ree
sponse In heart weight, These changes from the control value
are highly significant in the Z mlce at 20, 200, and 800r,
and at 400r In the 8 strain,

The RI mice do not present a consistent reactlion, while
stralns L and Ba have heavlier kidneys at all irradiation
levels, A= noted iIn Table 24, the significance of the changes
in the L mlce at 20r snd 200r are Invalidated due to the ap-
pearance of hydro-nephrotle kidneys. Three such instances
arose, two at 20r and one at 200r, always Iin the males and
Involving the right kldney, The right ureter was also
affactad, with an apparent point of stenosis of the ureter
proximal to the bladder., The female litter-mate of one of
the hydro-nephrotic males had an imperforate vagina, a free
quently observed characteristic of the L mice, This may be
more than coincidental and may indicate a genetieally de-
termined abnormal development of the uro-genlital system,

Since thils last point ecannot be proven, the hydro~nephrotic

kidneys were left in the data, as it 1s not impossible for



Table 23, Kldney Welght and 60~day Body @eight Means; by Strain and Dosage

ODbaserved means Ad]i. meansg Ad i, meansl P5

Dose Strain Body wt, XK. wt, Kidney wt. B8.E. Kidney wt, Change from Or level

r grams mgs, log mes. mgse

0 RY 24,35 400,5 2.6804 +.,008 401.8 at 23 4¢f

20 24,74 411.7 2.608 +.008 405,5 + 3,7 + 0.9
200 26,37 435,.4 2.602 +.009 399.9 - 1.9 - 0.5
400 23,47 3772 2,595 +.008 393.6 - 8,2 - 2,0
800 23,26 380,7 2,615 +,008 412,1 +10.3 + 2,8 e 40= 430
Strain meansl 84,41 402,58

0 Z 20.10 366.0 2,567 +.009 369,0 ' ' at 33 ar

20 21.11 357.4 2.528 +.,009 337.3 -31,7 - 8,6 .01-,001
20 19.25 320.4 2.534 +.009 342,0 -27,0 - Ted «02=-,01 g
400 20.42 353,0 2.542 +,009 348,3 -20.7 - 5,6 «10~,06 '
800 20.26 541.7 2.552 3*_.009 :540.4' ”28:6 - ‘?’8 oOl"'aQO}.
Strain meensl 30,22  347.3

0O 8 19,81 377.1 2.561 +.006 363,92 at 38 4f

20 19.12 360.6 2.559 +.006 362.2 - 1.7 - 0.5
200 18,85 346,9 2,549 +.006 354,0 - 9,9 - 2,7 e 20=.10
400 19,81 359,7 2,540 +.006 346,7 -17,2 - 4,7 «02=,01
800 “ 18,37 332,9 2,544 +.006 349,9 -14,0 -~ 3.8 «10-,05

Strain meansl 19.18 Z55,1

loeometric means
gﬁdjusted to the mean 860-day body weight

5Significance of the difference between adjusted means; 0-20rs 0-200r, etc.



Table 24, Kidney Welght and 80-day Body Weight Means; by Strain and Dosage

Observed meansl Adj. means® Adj. means! pd
Dose Strain Body wt. K. wt. Kidney wt. S.E., Kidney wt. Change from Or level
r grams mga, log mgs. mes.,
0 B 17,08 203.3 2.457 +.009 2886,4 ' at 38 4f
20 17.1¢9 280,7 2.435 ‘i§00§ 272, 3 -14,1 - 4,9 e 20=410
200 17.31 287.5 2,443 +.010 2773 - 9,1 - 3,2
400 16.21 271.4 2,443 +.009 2773 - 9,1 - 3.2
800 15,42 262,.8 D+ 449 ':.010 281.2 - 5,2 - 1.8
Strain meansl I8.83  278.0
0 L 19,30 £284,8 2427 +.010 267.3 : at 33 4f
20 19,05 301.0 2,458 +.010 287.1 +19.8 + 7.4 No testx
200 17.84 282,.3 2,483 +.010 290,4 +23,1 p 8.6 "
400 17,93 2751 2,449 +.010 281.2 +13,.9 + 5,2 .20~,10
800 17,30 2675 2.454 +.010 284,4 +17.1 + 6,4 e10~,056
Strain meansl 18,27 281.9
0 Ba 19,57 304,0 2,447 +.007 279.9 at 33 4f
20 18,98 298.1 2,453 +4007 283.8 + 3.9 + 1.4
200 20,05 3218.9 2,452 E;OQB 283.1 + 3,2 + 1.1
400 18,91 265,5 24451 +.007 282.5 + 2,6 + 0,9 '

Strain meanst 18.18  286.8

lceometric means
zAdjusted to the mean 60-day body weight

331gnificance of the difference between adjusted means; 0-20r, 0-200r, ete.

#Includes hydro-nephrotic kidneys - see text
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8 radiation induced concretion to have initiated the nephrotie
condition,

The tendency for the kidney weight to be lower in some
of the lrradiated animals may be a reflection of an over-all
growth inhibition, Incresses in kidney welght are not exe
plained,

The regults of the component analysls are shown in Table

25, MHere, as in the heart welght, the sverage radiation

Table 25, Kidney Welght - Component Analysis

Component of v&riation Percentage of  Absolute
total variation variance

S « Strain effect 31,8 0007377
T » Treatment effect 0.0 o0
ST = Strain x treatment effect 3.8 0000889
L = Between litter effect 11.6 0002680
~ F = Sex effect 15,1 «0003492
PS - 8ex x strain effect 1.2 . 0000422
FT = Sex x treatment effect 0.2 « 0000046
PST = 86x x stralin x treatment 0.0 0
E = Sex x litter effect 3547 « 0008290
‘ .0023196

responsge ls zero, but a'amall strain differential in response
{3.8 per cent) does exist, Sex and strain differences, both
baslcally genetic, take out 47 per cent of the total variae
tion; 15 per cent in the sex difference alone, Another 47 per

cent is attributable to random fluctuation, with the EilL ratilo



*BFw
being about 3:1l, as compared to 2:1 in the heart,

Liver weight - over-sll radiation response

At 20r snd 200r, the liver weight 1s lighter than the cone
trols, but a significant increase in welight occurs at 400r and
800r (Table 28 and Pigure 17). The initlal depression ls very
minor as compared to the increases In weight at the high
doses, It should be noted that a change as small as § per
cent of the control welght can become & very highly signifi-
cant change, Simple observation of the unadjusted data would

glve no indication of this relative Incresse in welght,

Radiatlion response by sex

The two sexes do not reflect a completely parallel re-
sponse in liver welght. The males show & slight inecrease at
20r, while the females decrease., A decrease at 200r occurs
in the males, while the femsles begin a progressive increase
that eontinues through 800r. Although the 20r and 200r shifts
are not significant, those at B800r are significant. "The
females show both a greaster absolute and relative increase

at the high dose,

Radiation response by strain

With strain 8 excluded, all strains show an Inecrease in
liver weight at 800r. This change 1s significant in strains
RI, L, and Ba (Tables 27 and 28)., In these strains, the



Table 26, Liver Weight and 60~day Body Weight Yeans; by Dosage and by Sex and Dosage

Observed means’ Ad . means > Adj. meansl p3
Dose Sex Body wt. L. wt., Liver wt, S3.E. Liver wh, Chenge from Or  level
r grams mes, log mgs, mgs. %
0 19,92 1248 3.084 +.,003 1213 at 238 4f
20 19.80 1239 3.081 +.003 1205 - B,0 = 0.7
200 19,74 1235 3.083 +.003 1211 - 2.0 = 0,2
400 19.33 1241 3,004 +.003 1242 +29.0 + 2.4 04
800 17,87 1183 3,106 +.004 1276 +63.0 + 5.2 <,0001
Over-all ‘
means 19.34 1229
0 o’ 21,84 1382 3.119  +.004 1315 ~ at 118 4f
20 21,73 1388 3,123 +,004 1327 +12.0 + 0.9
200 20.86 1293 3.111 +.004 1291 «-24,0 = 1,8
400 20,77 1333 3.126 +.004 1337 +22,0 + 1.8 *30=.20
800 18,99 1255 3.139 +.004 1377 +62.0 4 4.7 ,001~.0001
Male meansl 20.81 1329
0 % 18.18 1128 3,048 +.004 1117 at 118 af
20 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

Pemale means 17,97 1137

igeometric me ens
BAdjusted to the mean 60-day body weight
3Significance of the difference between adjusted means; 0-20r, 0-200r, etc.
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Table 27. Liver Weight and 60-day Body Weight Means; by Strain and Dosage

Observed mgansl’ Adj. meansg? - Adj. meangl pS

Dose Strain Body wt. L. wt., Liver wt., S.E, Liver wt, Change from Or level
r grams mEs, loz mgs, mgs.
0 RIX 24,35 1464 3.168 +.,007 1466 ‘ at 38 4ar
20 24,74 1558 3.187 E}OO? 1538 +72,0 + 4,9 +05~,02
200 26,37 1619 3.182 +,008 1521 +55,0 + 3.8 ,L,20=,10
400 23.47 1508 3.192 +.007 1556 +90,0 + 6.1 «02=,01
800 23,26 1564 3.211 +.007 1626 +160.,0 +10.9 < .0001
Strain meensl %4,41 1541
0 Z 20.10 1147 3.062 +.007 1183 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 + 2.2
800 20,26 1166 3.066 +.007 1164 +11.0 + 1,0
Strain meansl 30,52 1153
0 3 19.81 1263 3.088 +.007 1227 at 38 df
20 19,12 1207 3.083 +,007 1211 «16,0 = 1,3
200 18,85 1201 34086 +.007 1219 - 8,0 - 0.7
400 19.81 13185 3.107 +.007 1279 +52.0 + 4.2 «10=,05
800 18,37 1166 3.083 +,007 1211 -18,0 - 1,3

Strain means~ 10,18 1229

laeometric means
2Adjusted to the mean 60-day body welght
5Significance of the difference between adjusted means; 0-20r, 0-200r, etec.



Table 2B, Liver Welight and 60-day Body Weight Means; by Strain and Dosage

Observed mgaagi' Adj. means? ‘ &dé. meansl P
Dose Strain Body wt. L. wt., Liver wt, 8S.E, Liver wt. Change frem%OP level

r grams mgs. log mgs, mgse
0 E 17,08 1208 3,071  +,009 1178 | at 33 ar
200 17.31 1221 3.070  ¥.009 1175 - 3.0 =~ 0.3
400 16,21 1110 3.056  ¥,009 1138 -40.0 - 3.4
800 15,42 1115 3,078  ¥.010 1197 +19.0 + 1.6
Strain meens! 18,63 1160
0 L 19.30 1951 3,076  +.,012 1191 at 38 af
20 19,05 1240 3.077  ¥.011 1194 + 3.0 + 0,3 X
200 17.84 1156 3.072  ¥.011 1180 -11.0 - 0.9 3
400 17,93 1239 3,100  =,011 1259 +68.0 + 5.7 .20~.10 °
800 , 17.30 1264 3.123  ¥.012 1327 +136.0 +11.4 .01-.001
Strain means 18,57 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 -25,0 - 2.3
400 18.91 1123 3,032  ¥.,008 1076 13,0 = 1.2
800 14.11 916 3,083  $.,012 1211 +#122,0 +11.2 .01=-.001

Strain meansl 18,18 1105

locometric means
gAdjusted to the mean 680-day body weight
581gnificance of the difference between adjusted means; 0-20r, 0-200r, etec.
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incresse over the c¢ontrols is always more than 10 per cent,
The reality of this welght change is substantisted in the RI
and L miee by the fact that even the unadjusted liver welghts
are heavier at 800r, in spite of a deeresse in body weight.
Streins RI and L also show a liver welght increase at 400r,
but only in the former strain is this significant,

The exact reason for the increase in liver weight is
problematic, Histologlcal examination revealed no evidence
of ectoplc hematopoiesis or fatty infiltration, factors that
could have caused some welght incressea, If an increased rate
of growth had eoccurred, 1t was not evident by an increase in
the number of mitotie figures. Since no sections were stained
for glycogen, it cannot be stated as to what importance an
increased glycogen astorage might have played.

Other workers have seen indicatlons of increases in liver
welght, but not to the degree seen in this s tudy. Brues, et
al, (1946) did not consider as significent a relative increase
in liver welight of rats exposed toc chronic irradiation. The
absolute welght of the liver was the same In the control and
irradiated rats, although a 13 per cent drop in body weight
gecurred in the latter. Tudewlg and Chanutin (1950) and
Supplee and Fntenman (1952) have observed an increase 1in liver
weight between two and four days after exposure, but Ludewlg
and Chanutin noted the weight to be normal three weeks after
expogure. The eastimates of the present study are twenty days

after exposure,



In view of the remarkable regenerative capacity of the

liver (Msximow snd Bloom, 1948), it 1s possible that thils

orgen may be able to overcome the growth-inhibiting effect of

irradistion more readily than other organs, leading to rela-

tive increases in liver welght,

Table 29 presents the component analysis of liver welght,

Table 29, Liver Weight -~ Component Analysls

Percentage of  Absolute

total varistion variance

L JNE SN UL DN R SN DN O )

Strain effect 39.4
Treatment effect 2.3
Straln x treatment effect 3
Between litter effect 20
Sex effect 0
3ex x straln effect 1
Sex x treatment effect 2
Sex x straln x treatment 0
S3ex x litter effect 30

»0007851
« 0000457
« 0000739
«0004015
0

» 0000336
«0000471
«0

+ 0006040
+ 0019909

The genersl radilation response appears as 2.3 per cent of the

variation, while the strain and sex differential responses

econtribute 3.7 per cent and 2.4 per cent, respectively. There

13 no basie difference between the sexes in liver weight, but

atrain differences remove 39 per cent of the total variation.

Uneontrollable variatlon takes out 50 per cent, with this

belng dlstributed betwsen the E and L terms on a 332 basis,
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Spleen welght « over-all radlation response

Splenic response to irradiation presents an interesting
pleture, As seen in Teble 30 and Figure 18, there 1z 8 asige
nificant increase in spleen welght at 20r, A recession from
this point occurs at 200r, followed by a progressive increase
through 800r. The 800r increase is a very highly significant

change,

Radiation response by sex

The sexes relterate the reaction deseribed above, al-
though a slight divergence from parallelity occurs. The 20r
response in the females is considerably less than in the
males, and only the latter present a significant inerease,
The responses at the other doses are more exasggerated in the
males, such that a rather broad divergence occurs at 800r.

In the controls, the females have & slightly heavier spleen,
but their weight terminates at a much lower level than in the

males,
Radlation response by strain

The individusl strain vresponses are given in Tables 31
and 32 and in Figure 19, At 20r, the strains reaet in a
gsimilar manner, with one exceptlion. Strain E mice show a
sharp depression In spleen weight at 20r, the loss being

maintained through 400r, At 800r, the E spleens ars above



Table 30. Spleen Weight and 60~day Body Weight Means; by Dosage and by
Sex and Dosage

1

» Obgerved means Adj, means® Adj. mesnst P°
Dose  Sex Body wt. S. wt. 93pleen wt., S.E. Spleen wt. Change from Or 1level
r grams mes. log mgs. mgs. %
0 19.92 100.8 1.998 +.011 299,56 at 238 d4r
20 18.90 108,7 2.031 +,011 107.4 + 7.9 + 7.9 04
20 19,74 98,9 1,991 +.011 98,0 - 1.5 = 1,5
400 19.33 103.5 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
Over-all ‘
meansl 19.34 108.5
o o 21.84  101.4 1,991  +.014 98,0 at 118 df
20 21.73 112,.7 2,038 +.,014 108.1 +11.1 +11.3 «02=,01
200 20.86 97.2 1.987 +.014 97.1 - 0.9 - 0,9 ' '
400 20,77 105,98 2.025 +.014 105,.9 + 7.9 + 8,1 «10=,05
800 1 18,99 142,1 2.182 +.014 152.1 +54.1 +55.,2 < ,0001
Male means 20.51 110.8
0 Q 18.18 100.2 2000 +.014 100.0 at 118 4f
200 18,69 100,.6 2.000 +.014 100.,0 0.0 0.0
400 17.99 101.2 24005 +.,014 101.2 + 1.2 + 1.2
800 16.81 127.0 2.109 +.015 128,5 +28,.5 +28,5 <.0001

Female meansl 17.97 106.,3

lgeometric means
2Adjusted to the mean 60-day body weight :
3significance of the difference between adjusted means; 0-20r, 0-200r, etc,

-'[60
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Table 31, Spleen Weight and 60~day Body Weight Means; by Straln and Dosage

1

Observed means - Ad]. means > AdJ. meansl p3

Dose Strain Body wt. S. wt., Spleen wt, S,E., Spleen wt. Change from Or level

r grams ngs. log mgs. mgs, %

8] RI 24,35 94,9 1.977 +.031 04.8 at 38 4f

20 24,74 123.0 2,092 +.031 123.86 +28,8 +30.4 «02~,01
geo 23.47 115.5 2,087 +.032 114.0 +19.2  +20.3  J10=,08
Q0 2326 144,0 2,151 +.032 141.8 +46.8 +49.4 <K.0001
Strain meansl 34,41 116,.8 ‘ -

0 Z 20,10 27,8 1.946 +.024 88,3 at 38 4f

20 21.11 94,3 1,953 +.024 89,7 + l.4 + 1.6
200 19.25 83,1 1,944 33024 87.9 - 0.4 - 0.5
400 20,42 87.2 1.938 +.024 86.3 - 2,0 - 2,3
800 1 20.26 112.0 2,048 +.024 111.7 +23.4 +26.5 «01=-,001
Strain means 20.22 92,3

0 3 19,81 115.1 2,049 +.023 111.9 at 38 4f

20 19,12 132.1 2.122 +.023 132,.4 +20,5 +18.3 «056=,02
200 18,85 127.5 2,112 +.023 129.4 +17.5 +15.6 «10=,05
400 19.81 121.6 2,072 +.025 118,0 + 6,1 + 5.5 «50=4,40
800 18,37 187,.4 2,214 +.023 163,7 +51.8 +46,3 <,0001

Strain maansl 19.18 130,0

loeometric means
2pdjusted to the mean 60-day body weight
531gn1ficance of the difference between adjusted means; 0-20r, 0-200r, ete,



Table 32, Spleen Welght and 60-day Body Weight Means; by Strain and Dosage

Observed mesnsl Adj. means® Adj. means?! pd
Dose Strain Body wt. 8. wt. Spleen wt. S.E, Spleen wt. Change from Or level

r grams mgs ., log mgs., MES.

0 R 17,08 87.4 1.944 +,024 87.9 at 38 4f

20 17.19 78,1 1,898 +,025 78,7 - 9,2 -10.5 «20-,10
200 17.3}. 7805 10899 10025 79.3 bl 8-6 - 9.8 ,20-.10
400 16«21 8297 1.915 :;024 82.2 b 5.7 - 6.5 '50-.40
800 15,42 106,.8 2,021 +.0286 105.0 +17.1 +19.5 «05=,02
Strain msansl 16,63 86,1 .

0 L 19,30 1086.0 2,024 +.036 108,7 at 38 4f
20 19,08 114.1 2.056 +.035 113.8 + 8,1 + 7.7 « 60=,50
200 17.84 87.6 1.943 +.035 87.7 -18,0 -17,0 «20=,10
400 17.93 26,7 1.986 +.035 86.8 - 8,9 - 8.4 +50=,40
800 1 17,30 149,7 2,177 +.036 150.3 +44,8 +42,2 01-,001

Strain means 18,27 108,9
4] Ba 19,57 118.3 2.045 +,024 110.9 at 38 d4f
20 18,98 121.0 2,066 +.023 116.4 + 5.5 + 5,0 +« 60« ,50
200 20,05 114,7 2.022 +.024 105.2 - 5,7 - 5,1
400 18,91 128,7 2.084 +.023 121,3 +10.4 + 9.4 e 30=,20
800 1 14,11 144,5 2,258 +.035 181.1 +70,2 +63.,3 <,0001

Strain means 18.18 124.4

1Geometric me ens

2pdjusted to the mean 60-day body welght
331gnificance of the difference between adjusted means; 0-20r, 0-200r, ete.

m?@‘.



180
175

170

165
160

150
145
140

135

130

125

120

115

110

105

SPLEEN WEIGHT-MGS. LOG SCALE

100

85

80 |

w5

L

T

f

Figure 19,

i
020 200 400
DOSAGE - ROENTGENS

Spleen weight, Strain means by dosage,

Yach set of values adjusted to its re=
spective constant 60«day body welght.




-96-

the eontrols, but less significantly than in the other strains,

The significant 20r increase is maintained throughout by
strains RI and S, while only a minor increase and recession
occurs in strain Z at the lower doses, Strains L and Ba show
increases of 7.7 per cent and 5,0 per cent, reapectively, at
20r, but these are not significant changes, Both stralns
show & recession to below the control weight at 200r, which
is followed by a steady rise toward the 800r level, Although
the increase in spleen welght at 20r is generally manifest,
it 1s statistically significant in only two strains, RI and
8, where Increases of 30 per cent and 18 per cent have
oceurred,

Confirmation of the 20r resction can be seen histo-
logleally. Investigations being carried out in this laboratory
clearly Indicate that, on the average, there 1s an increase
in total white pulp at 20r, followed by a decrease at all
other doses., In additlion, a sherp increagse in the amount of
erythro- and myelo~polesis occurs in the spleen after 20r,
an increase that is maintained and developed further with
inereasing dose, Thus, there is an increased cellularity at
20r that would bolster the significance of the gross weight
increase, The density of the tissue apparently decreases at
200r and 400r due to a partisl loss of lymphoid tilsasue, while
the gross hyperplasis at 800r 1s primarlly due to increases
in other hematopoletlie tissue, Although the knowledge of

spleen welght aids in the understanding of splenic reaction
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to irradiations it would seem that lknowledge of splenic volume,
density, and linear dimensions would be necessary before the
pileture e¢an be complets,

The 20r response observed in the study reported here 1is
considered s secondary radiastion response that rests on two
factors, Primarily, the spleen is injured to only a very
limited degree from thls low dose, and, secondly, it fully
retains its ecapacity to respond as it would to an inflammatory
agent. A low grade toxemia is probably exlsting as a result
of the total body exposure, and thls persistent condition
heg acted to stimulate the normal defense mechanlams of the
animal body. The result 1s a slight Increase in spleen
welight and productivity.

Increases in apleen welght at 400r and 800r are alsco
consldered as secondary radiatibn response mechaniams, Since
theze welght estimates are 20 days after exposure, it 1s
felt that they refleet the animal's attempt to overcome the
Initisl destructive effects of the radiation, At the higher
doses, they represent the normelly observed regeneratlon and
over-compensation,

The component analysis findings are glven in Table 33,
Over-all radistion effeets account for 15.5 per cent of the
variation, while strain and sex differences in radlation re-
aponse gre nil, The basic strain differences in spleen weight
contribute about 22 per cent to the total varistlon, whilile a

gsex difference is barely measured., Environmental variastion
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takes out 68 per cent of the btotal, with the E:L ratio belng
2:1 as in the heart weight, |
The absence of a significant value for the ST component

is interesting. In the spleen, where radiation effecta are

Table 33, 9Spleen Weight « Component Analyais

Component of variation Percentage of Abgolute
total variation variance

8 « Strain effeet 21.8 0042246

T « Treatment effect 15.5 » 0030033
8T « Strain x treatment effect 0.3 «0000542
L » Between litter effect 19.3 Malek Yauirs)
P - Sex effect 0.1 » 0000220
P8 = Sex x strain effect 2.3 0004514
FT = Sex x treatment effect 0,9 »0001820
FST « Sex x straln x treatment 0.3 « 0000643
E « Sex x litter effect 39.5 +0076590
01939833

1mp0rtaﬁt, strain differences in response appear unimportant,
on a relative scale., The opposite is true for the heart and
kidney weights, Actually, the sbsolute value of the ST come
ponent 1s nearly of the same magnitude for the heart, kldneys,
liver, and aspleen. However, while the absolute total vari=-
ation of the flrast three organs 1ls similar, 1t is ten times

as great in the aplsen. Consequently, the 3T component of the
gpleen becomes about one-tenth as large as for the other

orgens when expressed on a percentage scale, As a result, the
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relative Importance of the various components can only be
agecertalned on a within-analyais bagls, since between-analysis
comperisons can be very misleading. The small amount of strain
differentlials in response of the spleen may actually be of

greater biologlcal importance than any of the other strain

differencesn.

Testes welght - over-all radiatlon response

The results of the study on testes welphts are given in
Table 34, The welght progressively decreases with increasing
dosage, The drop at 20r 1s not slgniflcant, but all other
decreases are unquestionably so. It should be noted that of
the maximum loss of 59.4 milligrams at 800r, 74 per cent of
this loss has occurred by exposure to only 25 per cent of that

dose, and 95 per cent of the loss by 50 per cent of the dose.

Radiation response by strain

As seen in Tables 35 and 36 and in Flgure 20, the six
strains reset in a nearly parallel manner and show a dosage
relationship like that described above, Only in strain S does
& notable difference exist, wherein the 800r testes welght is
heavier than at 400r, The observed testes welght at 800r 1is
& few milligrams lighter than st 400r, but the two gram dife
ference in body weight, at these doszes, is sufficient to
bring the adjusted weight of the 800r group above the 400r
meean welght, Whether this indicates that straln S 1s capable



Table 34, Teates Weight and 60-day Body Weight Means; by Dosage

Observed @ggggi Adj, means> - Adj. meangl Change

Dose 3ex Body wt. Te whe Testes wt, S.E, Testes wt. from Or level

. grams mgse. log mgs. mZSe ‘

0 o7 21,84 157.8 2,113 +.008 1297 at 118 df

20 21,73 130.7 2.092 £.008  123.6 -6.1 =47 ,10-.05 &
200 20.86 86.2 1.934 +.008 85,9 ~43,8 «=33,8 <.,0001 v
400 20477 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 meansl  20.81 93.53

lseametric mesens
2pdjusted to the mean 60-day body welght

531gnificance of the difference between adjusted means; 0-20r, 0-200r, ete,



Table 35, Testes Weight and 60-day Body Weight Means; by Strain and Dosage

Observed mesnsl Adj. means® Adj. meangl po

Dose Strain Body wt., T, wt, Testes wt., S.E. Testes wt. Change from Or level
r grams ngs, log nes. mgs. %

0 RI 26,45 133,9 2.119 +.016 131.5 at 18 4f

20 26,58 124.3 2,084 +.016 121.3 «10.2 = 7.8 «20=,10
200 27 87 23.8 1,935 i,Ol? 86,1 -45,4 -34,8 <£,001
400 25,09 66,1 1,844 +.,0186 69.8 -81,7 -46,9 <£,001
800 1 24,72 61,7 1,823 +.0186 66,5 -850 -49,4 4,001
Strain means 26,12 91.4

0 Z 21.78 139,86 2.135 +.012 136,5 at 18 4f
200 19,086 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 4,001
800 1 21,51 76,4 1.880 +.012 75.9 «850,6 -44,4 4,001
Strain means 21,36 100,5

0 8 22,02 189,0 2,254 +.014 179.5 at 18 4f

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
400 210 98 93' 1 1‘947 1.014 88Q 5 “‘91.0 "50 * ‘7 4.001
800 1 19.80 90,4 1,990 +.014 97.7 -31,.8 -45,6 £X,001
Strain means 21,11 i%1.4

lgeometric means
2Adjusted to the mean 60=day body weight
531gnificance of the difference between adjusted means; 0-204, 0-200r, etec,

-101~



Table 36, Testes Weight and 80=-dsy Body Weight Means; by Strain and Dosage

Observed mesnsl Adj. mesns® Ad]. meanal p3
Dose Strain Body wt., T. wt, Testes wt. S.E. Testes wt, Change frog%er level

r grams mgs. log nmgs. mgs,

0 B 18.42 105.2 1.990 +.023 97,7 at 18 4r
20 18‘45 1.03.8 1.983 '_“_ 033 gst?' - l¢5 - 105 090";80
200 18.386 76,2 1,852 +.023 71.1 =26,6 -27.2 £.001
400 17.16 53.1 1.745 33023 855.6 «42,1 -43,1 <£.001
800 15,91 44,8 1.726 +.024 53,2 44,5 -45,5 £,001
Strain meansl 17.63 2.3

O L 21.53 115.2 2,013 +.031 103,0 - at 18 4f
20 21.31 102.1 1.967 + 031 92,7 «1l0.3 - 1.0 » 30=,20
200 i8.78 60.7 1.818 +.051 65,8 37,2 -36,1 £ ,001
400 19.10 54,0 1,756 +.630 57.0 -46.0 -44,7 4,001
Strain means™ TI19.87 70,6 _

0 Ba 21.56 160.1 2,173 +.012 148,.9 at 18 47
20 20,63 161.1 2.191 +.012 1556,2 + 8,3 + 4,2 e 30=4 20
200 21.93 1le,.7 2.040 +.019 10¢.6 -39.3 26,4 <£,001
400 20,48 96,7 1,972 +.012 93.8 -55,1 -37,0 £,001
800 14,38 6G.4 1.940 t.Ol? 87.1 «-51,8 -41.,5 <£,001
Strain means! 19,71  115.7

1Geometric me ans
2Adjusted to the mean 60-day body welght
ssignificance of the difference between adjusted means; 0-20r, 0-200r, etc.

-50T~
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of reglsting further organ welght loss in gplite of body weight
logs cannot be stated with certainty.

The component analysis of testes welght, in Table 37,
underlines the magnitude of the radliation effect and the simli~
~ lerity of the strains In their response. Less than 2 per cent
of the varistion 1s due to strain differences in response,
while 50 per cent is due to the general effecta of the radia=~
tion, A basgic 35 per cent of the varistion lies in strain
differences In testes weight, and the remaining 13 per cent

is attrlbuted to random variation.

Table 37. Testes Weight -~ Component Analysis

Component of variation Percentage of Absolute
total variation varlance

8 - 3train effect ' 25,2 0097855
T » Treatment effect 50,0 .0139127
8T = Strain x treatment effect 1.8 «0004974
L - Between lltter effect 13.1 «0038350

+0278306

The weight loss of the testes following Iirradiation has
been attributed to the cessation of spermatogenesis and pro=-
gressive loss of the germinal elements (®schenbrenner snd
Miller, 1950)., They have shown that it 1s the spermatogonial
cells which are affected by the radlation, the other germineal

cells being resistant, Mature sperm continue to develop from
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the primary spermatocyte stage and on, but spermatogonla cease
to produce primary spermatocytea. As well, these authors
noted & high correlation of weight loss with dosage from 50r
to 400r in miece and concluded that the testes are excellent
material for queantitative radioblologlcal studles.

The rapidity of the loss, and its reverse multipliecative
nature, 1s emphasized In Flgure 21, In this graph, dosage
has been transformed to a logarithmle scale, so that the
weight and dose relatlon is now on & log-log basis. The
linear relationship is obvious between 20r and 800r, but 1t
cannot be integrated with the sontrol weight,

The observed llnearity of the dosage relationship has
been used to determine the possibls existence of strain dif-
ferences in sensitivity, as measured by the value of the re-
gression, The minor differences in slope that exist are not
glgnificent, Thls Indicates a uniform sensitivity of the
germinal tissue regardless of known differences in the ine
volved genotyres, The weight loss ia assumed to be a primary
destructive response, The regressions, standard errors, and
correlations are glven in Teble 38,

The decline of testes welght with increasing dosage can
be made to fit a simple exponentisl curve, In order to do
this, a2 constant welght must be removed from the mean testes
welghts, This constant, which differs for each strain, la

approximately equal to the value towsard which the weights are
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asymptoting at 800r (see Figure 20). The adjusted testes
wolghts are used in this procedure., The removal of a constant
weight from each adjusted mean is consistent with the assumpe

tion of the existence of a constant quantlity of testicular

Table 38, Regresalons and Gorrelatioﬁa of Testes
Welight on Dosage, Logarithmie Scale,

Strain

Regression | 3.E. Correlation
Rx -~ 1694 _'_l'_.01'75 -.990
Z ~o 1397 +.,0040 -+ 399
S - e 1655 :!‘.104'40 -.956
L - 1695 +.,0120 -+ 985
Ba -e1599 +.0090 =-e 997
A'Vg “".1602 _‘!:. 0140 -..992

tissue that elther 1s not destroyed or is not susceptible to
destruction at the given doses, This general procedure for
correcting values to flt an exponentlial has been described
by Price and Gowen (1937) in deriving exponential survival

curves of tobacco mosale virus after ultra-violet radiation,

The equation for the exponential curve is:
Y = B.Q.kn + Cy

where Y 1s the testes welght, a 1s the y intercept, C is the

eatimated constant removed for correction, k¥ is the slope
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congtant, D is dosage, and e 1s the basis for natural loga=
rithme, The logarithm of the guantity (Y«C) is plotted
agalnst dosage on an arithmetic scale., When the best estimate
of C is made, & nearly straight line results, Theze plots are
glven in Filgure 22 and the resulting exponential equations are

given in Table 39,

Table 39, Fxponential Equatlions of Testes Welght Loss
with Dosage; Derived from Corrected Welghts,

Strain Equation Correlation

RI Y = 65,5e"+00679D 4 gg 2 - .998
z Y = 58.8e=+00513D 4 75.0 - ,995
S% Y = 94,80"+00866D 4 g5 5 «1.000
E Y = 51.3e=-00695D 4 53,0 - ,996
L Y = 50,00"+00440D 4 47,4 - ,998

Ba Y = 73.36=+00612D 4 gg.g - .998

Avg. Y = 60.56~+00721D 4 90,1 - 4999

¥Derived from O-400r dsta only.

The linearity of the fit iz obvious from the consistently
high correlations. The slope constants, ranging from -,00440
to =,00866, agaln indicate the gsimilarity of response of the
different straing., As the 800r value for strain S would not
fit the curve, only the first four dosage means have been used
for derlving the equation for this strain.

The value of C, on the average, 1as equal to 52 per cent

of the econtrol weight, ranging from 46 per cent to 58 per cent
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for thé glx strains. Thus, twenty days after exposure, approx-
imﬁtaly 50 per cent of the testicular tissues remain either
uninjured or incapeble of being injured, The latter would
inelude the interstitial and suppefting tissues,
Eschenbrenner, et al, (1948) have shown the interstitial
tissue to be resistant, although it makes up only sbout 5 per
cent of the normal testes weight, The remaining portion would
be resistant connectlve tissues and uninjured germinal tiasue,
The exponential decline in welight clearly fits the single hit
theory reviewed by Lea (1947). Apparently, the loss of
gorminal tlssue is due to a constant relative rate of sperma=
togonial death with increasing dosage,

These ssme slx strains of mlice have been shown to re=-
spond to x~ray Iin an exponential manner on the basis of
geveral other criteria, Gowen and Zelle (1945) observed an
exponential reduction of survival from mouse typhold after
irradiation., Gowen (1948) had indicated that the total leuco=
cyte count is exponentlally reduced by x~irradistion., The
slope constants derived from these different responses are
consliderably lower than those for the testes weight, However,
since different time factors are involved, straight comparie-

son cannot be made,

Integration of organ welight response to irradiation

i

A single semple of the organ weights leaves unanswered

the most essential clues to relative importance; the rates,
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times, and magnitudes of orgsn welght loss and recovery. An
attempt to overcome this deflciency was mede by exposing an
additional group of the most susceptible mice (strain Ba) to
800r, Four unirradiated litter-pairs of one male and one
female were killed at 40 days of age as controls, At the
ages of 42, 45, 50, and 55 days, four irradisted litter-pairs
were killed, exposure having been made at the age of 40 days,
The results are glven in Figure 23,

The perecentage change in body weight iz measured from
the observed initial welght, while organ welght changes have
been determined from a calculated expected Initlal weight,
This was sccomplished by determining the organibody welght
ratios in the 40-day controls and then estimating the 40-day
organ welghtas of the irradisted mice by equating the eontrol
ratio to the term: x/observed 40-day body welght., The 60=
day points are estimated on the basls of the full study re=-
sults, but they are no more reliable than the othsrs since
the 40-day estimate is the eontrolling faetor.

The data of Filgure 23 show that the heart and kidneys
lose proportionately leass welght than the whole body from the
second posteirradiation day and beyond. The liver fluctustes
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 20-day interval. The spleen is
strikingly reduced in weight to 21 per cent of ite initial

welght in two days and to 17 per cent in five days, True
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recovery does not start until at least the tenth post-irradiae
tion day., The recovery is rapld in the last five days, and a
20 per cent over-compensation occurs,

Since loss and recovery of weight of the heart, kidneya,
and liver are concomitent to the body welght response, some
ef the strain differences may result from a vsrying resistance
to thig inanitional type of loss, or to a greater abllity to
raturn to normal, Specific responses, such ag a cardiac
hypertrophy, would be super-~imposed on the above resctions,
Unfortunately, thls brief study throws little light upon the
problem of increased liver aize 20 days after irradiation,
The testes response eonfirmsg the assumption that this organ
is s8till in & primary effect phase, the expresslon of whiech
is apparently independent of genetle factors, A study of the
recovery of testes welght, however, would permit genetic dif=
ferences 1n regenerative capaclty to become expressed,

Thus, only the spleen has gone through a series of
changes that can permlt clear expression of genetic differ-
ences in response, Although the maximum losgs end recovery
rate factors are not known, the stage of recovery and re=
generation 1a reflected in the datas, Genetlic differences obw
served in splenic response are probably of the greatest ime
portance and should be elucldated over & complete range of
dosages, apges, and time intervals., The importence of the
spleen In radiation response end reslstance 1s emphasized by

the posteirradiation therapy studles of Cronkite, Brecher,
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snd Cheapman (1951b) and the spleen-shielding studles reviewed
by Jacobson (1952),

Althouch one of the orlginal purposes of the investiga~
tion was to study the organibody welght regressions and cor=
relations, these have provided nothing of substantial or une
‘equivoecable blologleal velue., Similarly, the inter-organ
partial correlations gave no definite indication of organ
changes not otherwise observable, These regressions and cor-
relations are given in Appendlx A,

In Flgure 24, the adjusted meens, at each dosage level,
are averaged for the three reslstant (RI, Z, 8) and three
susceptible (E, L, Ba) strains. Resistance and susceptibility
are based on the body weight response previously described,

The most obvious difference between these two groups of
nice lies in the baslie body weight difference. The resistant
mice are Initlially, and throughout, heavier than the sus=
ceptible mice, Between 400r end 800r, the susceptible mice
lose a greater amount of welght than the resistant mice, but
below 400r the reactlons of the two groups are gimilar,

The heart, kidney, and testes welghts run in an essen=
tially parallel manner in both groups. The conslistent dif=
ference between the organ weights of the two groups ls merely
a reflection of the average body welght dlfference and does
not reflect a response difference. The liver welght of the
susceptible mice shows a greater average increase at 800r,

but they are parallel to the resistant mice from Or to 400r,.
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In the eontrols, the gpleens of the susceptible mice are
8 little heavier than those of the reslstant mice, indicating
a eonsiderable difference in relative welight, 1In splte of
this initial ad#antage, the susceptibles are much less capable
of favorasbly responding st 20r, possibly indicating that thelir
normal defense mechanisms are not sble to respond as actively
to stress. At 200r, the susceptibles are below their control
weight, while the resistant mice are maintaining the 20r ine-
ereass, Petween 200r snd 400r, the susceptible mice Increase
as the resistants decrease to a glight degree, The latter are
gt1l) above thelr control weight, while the susceptibles have
not yet regained hhéir control weight, The 800r response ls
greater in the susceptible mice, and they again become heavler
then the resistant mice., At 200r and 400r, the susceptible
mice apparently show a poorer degree of regeneration, while
at 800r genetic differences are lost., Thls latter point is
illustrated by the perfsctly parallel lines that would ceonnect
the Or and 800r welghts of the two groups.

The neeropsy records that were obtained were not suffi-
clent to show whether strain differences existed in the Ine
cidenece of characteristie lesions. Nelther 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 elther early congestion, subge-

quent hyperplasia, or both, The spleens sppeared atrophle,
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while the livers were occasionally redueed in size, sometimes
to nearly onewhalf normal size. The hearts and kidneys were
usually unaffected, The mesenteric, superficlal inguinal,
and auxillary lymph nodes appeared atrophlic and were occa-
sionally hemorrhagle., Orossly, the appearsnce of the small
intestine varlied from an snemie through normel to a hypere
emic state‘_ Peyer's patches appeared hemorrhagic and atrophiec,
Petechlal hemorrhages sometimes were seen in the dorsal ine
tegument, the cerebrum, cerebellum, sand medulla, Suffuse
hemorrhage was occasionally seen following the lines of the
folds of the gastric mucoss. WMassive hemorrhage was seen on
only one occasion when death clearly occurred from an ine
testinal perforation and hemorrhaglc veritonitis.

The presented data on body and organ weights have c¢learly
indicated that genetle differences in radietion response do
exist. For the most part, these are quantitative differences,
though qualitative differences in response have been pointed
out, It is felt that the observed differences are important
enough to cause an extremely variable response to 1rradiatien
if a tight control is not placed upon the genetic quality of

the experimental snimals,
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DIBCUSSION

The body weight data of this investigation are of suflfl-
eient econtinuilty and reliebility to permit conception of
certain theoretical considerations, Since these data are of
a8 gross nature, the questions of the physiological or cellular
basia of the genetic differences cannot be discussed in posi=-
tive terms, Rather, 1t ls hoped that the blological area of
thegse dlffersnces can be outlined, and that an integrated
theory of the blological basis of the radiatimn response can
be put forth,

The body welght 1tselfl has been considered a factor in
reslstance, although this rests on contradictory evidence,
Quastler (1945) and Quastler, et al. (1951) showed that the
heavier mice had a greater survival time than the lighter
mice after x-irradiation., Abrams (1951) denied a welght
effect upon survival rate that could be considered independent
of age, He d4id not mention survival time, however, All of
these studies involved suffieient data to give relisble re=-
sults, but in the study by Abrams, the weight range in the
age groups of mice x-rayed was narrow., For exsmple, his 45«
day~0ld mice ranged from 18«21 grams, the 60-day group from
18,5«22,5 grams, Thls narrow range may have accounted for

the absence of weight effect,
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Hegen, et 2l. (1944) demonstrated a greater resistance
of heavier rabbits to the lethal effects of x-rays. Ely and
Ross (1947), studying rats exposed to neutrons, showed that
heavy rats were more resigstant than light rats, when both
groups were of the same aspe, Naiman (1949) has also shown
that heavier rats resist the lethal effects of x-ray In the
dose range of 300r to 500r.

Several features of the present Investigation confirm
the hypothesis of greater resistance with greater welght,

It has been pointed out that the three resistant strains are
heavier mice on the average than the three susceptibles,

The correlation between the estimated resistance levels and

th@ obgerved initial weights of these six strains is +,201.

In other words, about 4 per cent of the genetic variation In
body welght response is related to initial genetie variation
in body welght.

Further substentiation lies in the between-strain re-
gresslons and correlations of welght change on inltial welght,
within each age and dosage level, Thesge are given in Table 40,
At Or,; 20r, and “200r, these regressions and correlations are
always negative, that 1s, the heavy atrains have a lower gain
than the light straina. At 200r, where definlte welight losses
initlelly occur, the heavier atrains are losing more welght
than the others.

At 400r and 800r, the reverse is true. Over the firsat

ten days, the heavier gstrains are actually losing less or
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gaining more than the light ones. This condition is malntained
throughout the 20-day perlod at 800r, while the approsasch to
full recovery at 400r 1a keynoted by a return to & normal nega=-

tive interrelationship of galn and welght, These positive

Teble 40, Between~3train Regressions and Correlations
of Welght Change on Initial Welght

R T Y R S L Y IS IS I S
Dose Weight change interval (dsys)

40=41 40~-42 40»45 40=-50 40=55 40«60

Or b =,008  =,002  =.085  =,0535 =,142  ~,227

b - 069 -, 020 -, 438 -, 399 -, 662 =703

203? b *.003 "".051 «-.(34:5 *-.051 -.088 "'005'7
r - l74 -y B85 -e 299 - 291 -e 376 =153

200r b -, 024 -, 039 -, 038 -, 094 -e148 ~o142
l“ “.370 *.524‘ “‘.235 bl 465 - 624 _.582

*&001' b & ) QQ@: +0629 "‘1045 “’0030 “‘0023 "'.067
™ 44387 4o 379 +,289 +4,133 w078 -, 223

800r b +,059 +,003 +.116 +.098 +.,136 +.161
r +4532 +,024 +4 300 +.149 +,138 +,182

values, at the higher doses, emphasize the ability of the
genetleally heavier strains to resist weight loss and enter
a phase of weight recovery to & greater degree than the lighter

strains,

Hvidence that, wlthin the strains, heavier nice tend to

be more resistant 1s provided by the average withinestrain
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between~litter regressions and correlations, gilven in Table 41,
The regressions and correlations, at each age level, from

Or to 400r are noticesbly simllar, Thus, in normal growth and

under the effects of x-ray up to a dose of 400r, the heavier

mice in a strain can be expected to gain less or lose more

Table 41, Between-Llitter Regressions and Correlations
of Weight Chanpge on Initial Welght

Doge ‘ W&ight change interval (days)
A0=41 40-4 40=4 0=50 40=55 20-60

Or b =,079 - 094 -"220 - 359 443 -.580

r ~ed34 -y 369 -4 879 - 814 - 872 -y 307

20!’ b ‘0681 ”.125 - Q’f'? - 376 -y 4‘57 -.541

r “‘t‘é’?ﬁ - 488 "‘.760 "'.820 '.812 -.832

QQOI’ b *-0’78 - 1674 - 181 ~a 195 - 268 -e 363

r ”.3&9 *.340 "0569 ".438 “‘.4:88 ‘.595

400r» b -.008 =4 105 -+ 204 -y 320 - 395 -, 489

r "1484 ".496 "‘.567 ‘.‘74‘7 “‘.784 "’.827

800r b w061 -y 045 +.,004 o063 =,224 - 313
r

".974 ‘”.171 “'0011 "'.1455 "0565 "‘.4‘65

welght., However, at 800r, the regressions are consistently

lower, and five days after exposure it becomes slightly posie
tivey Indiecating that during the esrly perlod of reecovery, the
heavy mice are showing a greater pain or lesser loss than the

1ight mice,
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Sinee nearly all the strains, at 400r and 800r, have
entered a phagse of welght recovery between the second and
fifth postnirradiation days, this interval shiould be & crite
iecal one for determining the ability of heavy mice to respond
more favorably, The betweewlitter regressions are: for
400r, =,0993 for 800r, +,049, The respective correlations
are =,414 and +,175, Thus, at this turning point age interval,
the heavy mice of a strain are definitely recovering more
adequately at 800r,

There gseems to be no clear-cut reason for this capacity
of larger mice to respond less severely to irradiation.

S8ince this situation exisgts within a homogeneous group of
mice, it may be that environmental features which enabled the
mouse to attain a greater weight at a given age may be re-
flected in the mouse's ability to withstand iInjury to a
greater degree, The greater weight may also reflect a more
complete state of maturity, in splte of echronological age
similarity, The more mature miece are known to be more rew-
sistant, Quastler (1945) and Abrams (1951) both agree on
this point.

However, since heavier straing also show gresater re-
sistance, the point of environmental factors becomes ine
adequate, as environmental fluctuations should be the game
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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" eannot be positively malntained, since the breeding behavior
of the heaviest strain, RI, would not support this econtention,

This leaves two postulations. It can be loglcally as=-
sumed that heavier mice, whether within a astrain or asz a
strain Iin themselves, due to thls greater welght, have a
greater tissue reserve, If a glven dosage of radlant energy
must destroy a glven proportion of the total tissue, the
larger animals may be better asble to spare this tiasue with
less serious effects. This would be particularly true Iif the
heavier animals had propvortionately greater muscle mass and
fat deposition, which, through depreclation, could provide the
energy for physiological maintenance during the acute period
of radiation response,

Secondly, 1t can be postulated that a certaln degree of
unanimity exists in the genetlic faetors controlling growth,
body weight, and a resistance to 1lrradiation. Obviously, and
unfortunately, these postulates cannot be extrapolated to
other specles, since existing data indicates thet hesvier and
larger specles are generally more susceptlble to external x=-
irradiation,

The characteristic welght response has been the subject
of investipation by others in an effort to determine its
physiological basls, A decreased food intske alweys 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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equivalent to what the lrradiated animals econsumed, An ine
ereaged rate of protein catabolism was considered to make up
the dlfference,

Hagen, et 2l. (1944) believed that decreased food intake
of x=rayed rabblts asccounted for the weight loss, but offered
no control data for comparison., Ely and Ross (1947), in
neutron irradiated rate, found that the weight loss was the
game In unirradisted and irradiasted animals, when the food
intake of the former was limited to that of the irradiated
rats. Recovery was complete only in the unirradisted group,
however,

If unirradiated rats are fasted, then the weight loss 1is
equivalent to fulle-fed, irradiated animals (Smith, D. E., et
al., 1951), but fasted miee may lose more weight more rapidly
than irradiated mice at doses in the lethal range (Smith, W. W.,
et al., 1952), In eddition, Smith, D, E., et al. showed that
combined gtarvation and irradistion csused no greater weight
loss then irradiation alone., It would seem, then, that whate
ever food ls congsumed ls virtually unutilized to combat
welght loss. Apparently, irradisted animals are in a trans=-
gslent period of complete starvation,

There 1g eomplete apreement between many investigators
on the existence of s short periocd of iﬁcreasad gastric re=
tentlon following irradiation, Thils has been seen by Leiteh
(1947) and Ely sand Ross (1947) in neutron irradisted rats,
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and it was stated to last for two or three days after exposure.
Bennett, ot al. (1961) observed an increased retention in mice
at 800r of x=-ray, as did Smith, W. W., et al. (1952) in the
game species at the same dose, The latter authoras noted that
the gastric contents were static for the first three days after
exposure, Goodman, Lewls, end Schueck (1952), in a study on
rats exposed to 450r of x-ray, demonstrated that the maximum
retention occurred 48 hours after exposure, then slowly re-
turned to normal,

It 1s obvious that the periods of gastric retentlion and
weight loss are coincident, It is likely that thils retentlon
ereates the eondition of asbtarvation, even when food 1s being
consumed, 8ince forece~feeding was shown to be of no help,
and was even detrimental (Smith, W. W., et al., 1952), the
decreased food Intake that follows irradiation is probsbly
the animalts expression of diminighed desire to eonsume food.
Because of the progressive nature of the reaetion, 1t 1s une
doubtedly & secondary effect resulting from neural or humoral
gtimuli., Variation in the time, degree, and extent of 6ccur-
rence of thils retention may be responalble for some of the
genetic differences in welght response. Strains that re~
cover quickly may show a minimum degree of retention that is
rapidly overcome,.

Conard (1951) 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



«w] 26

is reduced to below normal, remaining there for about three
days. The increase in motility was shown to be due to a stim-
ulation of the parasympathetle nervea at the level of the
enteric ganglia, Goodman, et al. (1952), however, found in-
testinal motility unaffected, and sssumed that a decrease in
Intestinal contents was a reflection of the gastric retention,
Bernett, et al. (1951) could not demonstrate any change of ab-
gsorptive abillty 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.
Variation in alterations of intestinal motility and sbsorpe-
tion ablility may also be basic to genetic differences in re-
sponge, but these may be af lesser importance.,

Jennings (1949) observed a sharp reduction in the LDsq /30
of rats on a low protein diet, Straln differences in response
could exist, 1f unavoldable dietary defleciencles occurred in
straline with excesslve requirements that are not belng met
by the standaid feeds,

X«irradiation can also c¢reate a state of partial physio=
logleal hypophysectomy, as shown by Denniston (1949), He
created a definlite growth retardation in rats by local irradi-
ation of the piltultary gland, Selye (1946), whose CGeneral
Adaptation Syndrome can be loosely applied to irradiation

effects, considered that 2 stressor-induced increased
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produection of adreno-corticotropic hormones from the anterior
pitultary occures at the expense of other hormone production,
This ineludes a decreased output of growth hormones, Ellinger
{1948) assumed that the adrenal gland is vital in radiation
reslstance, and that adrenalecortical reactions may be re=
sponsible for meny radistlon responses., If an adrenal ine-
sufficiency resulted, death followed. Tdelmann (1951) was
sble to ineresse survival of rats, at 800r, from 10 per cent
to 85 per cent by leadw~shielding the adrenals, Indicating that
direct effects of radlation are also Important in this organ,
Some genetlc variation in growth and body welght response may
arise from intrinsic differences in hormonal reactions that
result from indireet radiation effects.

The six strains employed in the investigation have been
studied in some detall with respeect to their resistance to
mouse typhold (Gowen and Calhoun, 1943; Oakberg, 1946; Welr,
1949). Their twentywone~day survival values, after intrae
peritonesl inoculation of 200,000 live organlisms of Salmonells
typhimuriun for all strains, are summarized by Thompson (1951)
on data collected in the perlod 1%40«1950, The correlation
between the typhoid survivel values and the estimated radla=
tion resistance to welght chenge 1is +.843., In addition,
Jacobson and Warks (1947) reported that Natlonal Institute
of Health LAF, mice, which are considered as radiation re=-

sistant, are also resistent to mouse typhold and pneumonisa,



»]128=

Genetic differences in the resetlion to typhold, at the
eellular level, may be basie to the correlation of radlation
and disease resistance, Oskberg's (1946) histologlcsal obe
gservations indicated that the livers of ﬁesistant strains are
better able to wall off typhold lesions, whlle the unin jured
cells retaln their functional integrity for normal glycogen
storage, The susceptible mice showed diffuse degenerative
chenges of the hepatic cells. This indicates that a cellular
resis tance to the bacterial toxins and degradation products
of neerotle tlssue is an important faector, The toxic effects
of lrradiation are at lesst gimilar to those from phosphorous
polsoning (Ellinger, 1945) and may be similar to those of
infectious diseases, The combined resistances to irradiation
and bacterial infection may find its genetic basis in intrine
slc cellular capaeltlies to resist & toxic environment and
maintain a normal state of metabollism,.

In summary, the body welght response has been shown to
depend, to a small degree, upon the initial weight of the
animal, The welght loss is considered primarily a function
of decreased food intake which is reflecting a gastrie stasis,
The absorptive ability of the small Intestline is probably not
severely impaired, but the gastrie retention 1s preventing
the normal movement of nutrition to the absorbing surfaces.
3ome effeet may result from altered assimilation processes
and from the baslec nutritional state at the time of exposure,

Endocrine factors way also be entering, as well as cellular
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differences in resistance to degenerative changes. The rate,
time, and completeness of weight recovery, as they differ

Trom strain to strain, mey reflect underlying differences in
the strain's abllity and capacity to overecome known physio-
logical and cellular changes. These consliderations assume
that the primary effects of irradietion are nearly constant
for all atrains, However, induced primary changes, through
death or abnormal metabolism of the containing cell, may alter

an uninjured cell's ability to mainteln ita status quo.

In conclusion, genetie variation in radiation response
1e assumed to be expressive in the secondary or indirect
effects of the radiation, At the eellular level, the variae
tion in response will lie iIn the genetically determined
capacity of a2 cell to resist Induced detrimental environ=-
mental influences so as to regain its normel metsbolle activity

and/br turn to regenerative processes,
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SUMMARY AND CONCLUSIONS

Six genetically differentlated inbred strains of mice
have been exposed to total body x-irradiation at an age of
40 +3 days. Equal numbers of mice of each sex and strain were
exposed to Or, 20r, 200r, 400r, and 800r. Body weights of all
mice have been obtained throughout a 20-day post-irradiation
period, At the end of this perlod, the welghts of the heart,
kidneys, liver, spleen, and testes were obtained. The re=
sults of this investigation permit the following conclusiona.

1., There are pogitive genetic differences in the body
welpght response of mioa‘aubjaatod to total body x-~irradistion,

2, When considering the entire populstion of mice eme
rloyed, the genetic differences in response become maximum
15 days after exposure. At the meaximum, thls genetic varlsge
tion amounts to 17 per cent of the total varlation,

Thege differences arise, primarily, In the time and rate
of recovery of weight loss, and, also, In the maximum loss
itself, Very little genetic variation iIn reasponse is seen
two to five days after exposure, when the over-all effect o:
the radiation is maximum,

3. Oualitative strain differences in body weight response
were not observed,.

4, A sex difference in body weight response, although

conslistently favoring the female as the more resistant, does
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not contribute significantly to the over-all variation,

8. The pre-irradiation inlitial body weight is found to
be an important variable that must be controlled for accurate
eatimation of the varistion in response, Fvidence has also
been presented to indleate thet iniitlslly heavier strains,
and heavier mice within strains, tend to be more reslstent to
irradiation,

8. A high degree of correlation between the welight change
from initlal welght and the ineident dosage 18 noted. The
resulting regressions have been utilized in an empirical proe-
cedure for scaling the relative resistence, of these strailns,
to slteration of the normal growth psattern., The scaling pro=
cedure has ylelded the follawingbresiatance levels for the six
strains; RI: 68,1 per cent; Z: 64,8 per centj S: 64,1 per
centy H: 52,7 per cent) L: 42,6 per cent; Bat O per cent.

7. The heart and kldney weights ere resistant to irradi-
ation, although they reflect an Inanitional loss concomitant
to losses in body weight.

8e The liver, in strains RI end L, shows significant
absolute and relative increases in welght at 800r. No ap=-
parent reason for this change 1ls avallable,

9« The spleen, at 20r, increases in weight in five of
the six strains, with only strain E showing s decrease, The
welght incresse ls considered a secondary defense reactlion to
the amall, but definite, destrucetive effects of the x=raye

At 200r and 400r, the spleen weight tends to be above
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normal in registant atrains RI, Z, snd S, and below normal in
susceptible strains B, L, and Ba., A uniform over~compensating
Incresse in gpleen welight 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 psrallel decrease In testes weight, with increasling
dose, 1s seen in all strains, These changes are asaumed to be
due to direct destructive effects of the radiation upon the
germinal tissue, The testes welght loss has also been shown
to f1t a simple exponentlal curve,

11, T™he genetlec differences in response are postulated
to be expressive In the indirect or secondary effects of ir
radiation, Primary effects are assumed conatant for all
strains,

12. Theoretical consideration of the body welght response
leads to the agsumption that certain known physioclogiesal and
cellular disturbances that follow irradiation are baslec to the
measured welght changes, Genetie variation In body weight
change may rest on a varying expression of these physiological
alterations,

13, The cellular basis of genetie variastion in response
is postulated as due to intrinsic genetic differences in the
capaclities of cells to overcome the Indirect noxious effects

of radiation and to enter a phage of regeneration or return to

normal me tabollism,
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APPENDIX A

Table 42, Betwsene~strain OrganiBody Wbightl and Inter-ﬂrganz
Correlations for Each Dosage Level

, Dosage « roentgen
Correlated welghta 0 20 200 400 800

Body:Heart +o8Ll4%  +,002% #0524 +,834% +,96564%
axidﬂﬁyﬁ +, 756 ’4"0&92‘“’ +, 03588 +,900% . 067
tLiver +,756 +.858% 4+,866% $,.,821% +,.8754
tSpleen +.,046  +,420 +.486  +,501 +,087
tTestes 4358 +4 156 +.534 +,478 +¢ 275

Heart sKidneyse +,880  +.,499 4$,478  +,259 +.132
tLiver +,564 +,798 +.833 +, 6871 +4.540
tTestes +.291 w012 -y 239 -, 402 - 306

KidneyssLiver welBE =, 087 4,137 -,028 -,382
Ssplﬁen ".243 “t"a 3&4 +.30‘3 -s 156 ""0099
t1Testes +,458  #.,571 +.370 +.447 +.538

LlveriSpleen -,0681 4,102 «,096 +,030 +.161
tTestes e B89 w463 w319 «,625 -,841

SpleensTentes +4,580 +4 435 +4669 4,601 +4125

#P = L0 = ,01
R p < .01
1&tandard correlations at 4 degrees of freedom

g?artial correlations at 3 degrees of freedom
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Table 43,
Organ

Betw&an—litter Orgen sBody Weightl and Intere
Correlations for Each Dosage Level

Dogzage = roentgen
E R ?60 ' “EEEE 800

lgtandard correlations at

Table 44 .

on Body Welght,

Dose Hesrt

Kidneys

53 degrees of freedom
2payrtial correlations at 52 degrees of freedom

Logarithmic Sesle.

Liver

Spleen

Correlated weights )
BedytHeart +o BT3Mt 4,831 +,898i +,7329% +, 76944
tKidneya o TTLor +.834%48 +,030 4,832 +,872%n
tLiver 4+, 605388 +,708%% +,881#F +,865%% 4,866
:Spleen +,027 +,250 4,403t +$,162  +,071
t1Testes +, 5008 4+, 81283 4,840 +,67244% 4,742
Heart:Eldneys o TOLEE 4,410 4,362 +,6084% 4,513
tLiver +,331% 4,066 +,088 =»,038 +,219
tSpleen +,096  +,045 +,140 +,020  +,3334%
KidneysiLiver +,098 «,053 +,338% $,145 +,171.
t3pleen «ell0  #,108  +.237 4,119  +.385%%#
Liveri3pleen . $, 46758 +,2064 +,335% +,242  +,322%
‘if“? o= 065""51 M?< .ﬁ

Betweenwlitter Regressionz of Organ Welght

Testes

Avg, +,728 +1.121 + ,964 44432 +1.267
Or +,572 + ,922 + 650 +.,072 +1,182
20r 4779 +1. 173 + 49156 +.500 + 995
200y +,783 +1.232 + L9982 +,759 +1,338
400y +4'710 +1,081 +1,237 +,302 +1,492
800r +.,708 +1,061 + ,924 +4165 +1,161
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APPENDIX B

In the following tables, all of the original obaerva=-
tions are presented, The paired male and female observations
constitute the litter-mate palrs that were irradlated at the
game time, The B80-day body welght immediately precedes the

organ weights that were obtalned from that mouse at that age,
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“Milligrams oOf OPgAn Weimhts

Mouse Grams of body welght at days of age: Kidneys Spleen Litter
Nos Sex 4O L1 éﬁ? ﬁ§, 50 ;?55 60 Heart 7 Liver _ Testes size
95092 F 16.8 16.6 17.1 17.3 18,11 .6 19,5 117 382 1176 143

95532 M 12,7 13.6 13.8 15.6 17.1 19,0 19.0 129 377 1299 1kl 155 8
95531 F 12,0 11.8 11.h 13.2 15.3 15.3 15.7 23 age 997 1%% |

95522 M 21.9 21,4 22.2 23.1 2.7 25.7 25.7 158 594 1680 131 204
95521 F  16.7 16.1 16.3 16.7 §§,2 19.2 19.2 121 370. 1245 135 4
95609 M 18.9 18,6 18.9 19.7 21.6 23.4 23.2 140 U457 1658 160 181 5
95608 F 15,1 1.8 14,9 15,9 164 17.9 17.4 98 %éx 1085 116

g5574, M 18.8 18.9 18.7 20.2 21.7 22,5 21,1 135 451 1347 153 171 6
9557% F 15.2 15.1 15,6 15.6 16,8 17.7 17.0 110 %aa 978 138

9655 M 13.6 13.9 1L 16,7 18.2 20.1 20.7 121 38 1364 135 157 12
9&553“ F 13,2 13.0 13.% o6 1,9 16.6 16,4 95 28% 1058 108

96625 M 18.2 18.4 18,6 19,3 21,0 22,3 22.2 126 Li12 1195 113 185 7
9662, F 14.6 15.2 15,5 16.1 17,7 18,3 18.1 103 32 1048 160

96548 M 13,3 13.6 13.9 16,2 16,9 19.5 19.8 1 381 1250 152 9
96547 P 11.7 12.0 10.8 13.8 14.3 15,5 17.7 é% 231 98 116 1

98370 M 11.9 12,7 13.7 15.3 16.6 17,9 18,7 112 378 1253 157 151 7
98368 F 9.9 10.9 11,3 12,6 13.6 15,2 1.7 88 257 1027 132

98227 M 15.8 15,9 15.9 17.0 18,6 20.2 19.1 121 Loo 1187 123 169 9
96226 F 1.1 .2 1.3 15,1 15.8 16.6 16,2 102 304 974

-9g1T~



«1l57

26 9l6 fi€e mw 9T 2°HT N*€T T*2T T°TT Q°0T £€°0T 4 T.LS96

9 1L  TTT Sgot LIE W6 €°LT T°LT €°G6T 9*€T 4*21 12T Q@*TT H 2l99%
T T9TT  TISE 90T  9°LT L*LT S*9T L°ST H*HT S*HT 2°WT 4 €9996

6 g6 9T LIZT 99 E£TIT  2°12 L*02 0°6T 9*LT 0*91 1°91 2°91 H 19596
21T 91T e T2T  9°6T 6°6T 2°6T T°QT H*LT €°LT 9*iT 4 65596

L 91T OfT ISHT mmm GET  T*hRe ol 2R W12 I'Te L'0o2 €012 H 09596
TIT 69IT 962 g6 Z2*LT T°9T N°ST T°iT 6°2T €°2T 6°2T 4 6£996

21 o L6 TIET ol 18T  T°6T €°QT 9°9T &°HI @°TT S*2T €°1T H 07996
€12 996 992 LOT S°9T H*ST €°ST L°CT 9°C€T 6°CT €*7T & 96556

ot €6 INT ggII mwm OTT 6°LT 2°QT T*9T L°CT T°CT €°CT L°*C€T H g6S§56
LIT I9TT  §0§ QOT  9'9T €°6T L°9T T°LT 6°ST 9°ST €°ST 4 M19%6

L G6 94T GEET  eTh €T 112 2°'22 S°0Z 9°'QT 2°'LI 6°9T Q°9T M 61946
€IT QSIT  HEE 2TT  0°LT T°LT @°ST 9*NT 9°CT €°CT 6°€1 4 6£5%6

21 Bg 451 mmwﬂ Lo€ €21 H*61 2*6T L*.T T'or £€°HT O*fr o*NT H oOHGse
ST S61T mmm SOT  S°LT 9°LT £°91 "W €°€1 2°€T L*€T 4 62156

g 921 £91 69ST I 6€T  M*c€e 9°Ce l*22 9*0Z 6°QT 0%6L T°02 H OFfISh
€IT 6S0T TOf TOT  1°2T W°LT L*9T 2°ST €M1 6°¢T H*Hr 4 IMise

8 €TT 10T QOfT gIh 62T T*I2 2°12 1'02 G*QT H'LT €°lT €*l1 W glise
06 2Q0T S0f OIT €. f°l1 11°91 o*HiT €°21 §°281 0°21 4 lgisé

o) 90T @21 LlE€1 Q6f Ll2T 6*02 @°*02 L*QT L°9T £€°9T 9°SL 1'91T H g91se
93i8 Se388y XOATT 3I86H 09 4% 0% Ww NM TH 01 Xeg °*ON
X933 7T ueoTdg sloupty tefe Jo sfep 38 quitem Apog Jo swexd  esnoll

e JAC LM UBIIO0 JO SWBISTTT TN

a2 0oz 3§ HIVaIS



«l5C=

It 11et TE QOT €°8T 9°9QT L°9T L°ST 2°ST €°ST 9°<T 4 TLIES
L 66 SST TSET MRE €21 S°12 €°12 T°02 0°QT S°2T LT 1°2t ®W 2l6g6
Ll2T 0l2T ONE €0T €°02 S*02 6°6T 2°QT 9°LT 9°LT €°9T 4 16596
9 2TT 2ST 26MT OTh 62T 6°C2 0*fe 0'22 S*02 2°02 0°02 £°02 M 26596
Gg  TITT WIE 10T  6°9T 2°LT 2'9T H°CT 6°CI 6°CT 2*WT 4  Zh996
L TIT WIT 20t  hoht 2€1 € g*c2z f*te L*QT 6°QT T°6T L0z W gf99s
€9 666 MR 6L  2°ST S'NL O°HT €°C€T L°TT 0°2T 9°IT 4 0199
01 L 20T HReE€T OTH 6TIT G*02 £°02 2°QT 2°9T 0°GI 9°HT @21 W TI996

Q0T €90 Sge N6 £°9T 0*9T N*ST 9*NT 6°CT L°€T 9°¢1L
6 €L TTIT €S€T  09€ €IT 6°8T £€°9T 9°91 S°HT T°€T 921 9°21

T €T 20€ 20T  H°gr 2°QT *9T 6°ST 2°5T 9°41 0°91
mma £L6T  2W TE€T  1*ge 2*2e L*02 2°6T 1°QL g°9T 0°6T

60T 60T W62 60T 2°9T H°ST @°WI 9°IT €°0T T°IT &°1I

BR Ep ER OER
9
R

6 99 OTT 69€T 66€ JET 0°I2 £°T2 £°6T S°LT S°9T 2°9T 9°9T 9£156
0T 90TT He€ OTIT €°QT 06T §*.T 2°9T €°ST N°ST 9*91 LLTS6

k4 SO0T LLT 99ST 018 6T m.mm 9*ig 9*22 T*02 £*02 1°02 N.Hm gLIG6

4 05T Q02T l62 10T H*QT g°LT 2°9T €°Wt O°NI L€ e°YT 4 &L1S6
f 6 92T 0l6T ofh oWt  €°22 22 0°12 L°9T 8°9L €°9T 0°9T H 9.1%6
SOT Lt 6l€ SIT  6°02 S°*02 2°'6T €°91L 9°9r 0°9T s*eT 4 1ogss

2 €6 02T fesT  TIIN T8T  €°22 6°T2 6°6T T°QT €°1T 2°l1 2°9gT K 402496
8Z 18 Se3861  d6ATT a8l 09 oS T T 0N X6S  °*OR

9342171 uesTdg sfoupTH u@mw Mammmwﬁ mw @mwﬂamwmwonﬁma mmwﬁw PENOH

e SO 1O8 U020 JO SWRITYITIH

x ool 8 NIVALS



«15G ™

etigé

€T 950T TIE €0T LT €°9T 2°ST @°€T °*MT €91 g°it 4

9 6L 90T T £ %6 6°LT €°6T 9°QT 6°LT 2°ST 9Lt g*lt M gefigé
IIT 026 e 2g T*HT 2°CT 9°TT 6°0T N*OT L*0T 6°0T 4 6§99

ot 99 98T 9€IT 60f M6 2°LT LeqaT S'HT 9°CT 6°2T T°CT G°CT K 2W996
Tt 1901 ﬁmm 0T M*9T S°ST W*WT LWL o*NT TN oMt 4 10996

01 09 26T 26T ¢ 021 6°.LT 9°9T T°LI 1*9T T°9T 6°ST 1°9T K 20996
621 wmmm SIE OTT  6°LT W*LT L"9T S°ST T°ST L°ST 091 4 L1996

9 90T TLT offfit  2gh 62T H°T8 9°02 G°6T G*QT L°.LT H*Qr G°4T H Q199
g€z €EEY  SWE NWOT  €°6T 2°6T 9°QT €°LT 0°QT 2°QT T°6T 4 1599

9 TET 082 968T 12N LHT  L*12 0°22 L°TI2 @°02 1°02 Q%I 2*02 R 29996
gIT glé 6l 26 *HT I*°C€T I°CT €°2T 0°2T 9°IT 6°1T 4 §£9956

& 1L ogr gSeet heE o0zt m.ww 0°gT 991 T°*ST W8T A*ST W*9T R mwmmm
IIT *os l9g €6 LG 6°HT 2*€T 6°2T €21 9°2T H*€T 4 091%6

g 20 68T MG2T 98 €2T  9°02 0°6T 0L Q°ST L°GT L°ST 9°9T # 191%6
€9T O6TIT G0E €£0T 9°*LT 0°gT 9°ST ¥°ST M°ST 6°ST 9°9T & 99056

8 06 92T TO2T 19E 60T €61 S°9T S°*°.T1 6*9T 0°LT 99T @*Lt W lgosé
6TT LI0T 9NE TIT 6°gT 6°QT 0°QT L'9T 9°9T 9°9T 2°gT 4 TIQISH

9 €TIT 6T 662T 9T TET 6°T12 S°12 1I°0Z S°6T 9°9L 6°0T 6°6T H 2919
LIT 9121 LI€ 90T 6°QL S°9T S°.T $°9T 9°9T T°9T 0°lT 4 20156

9 g6 lgT 92T Tof 6IT H*IZ O°T2 L*0Z €'6T M'QL 9°0r §'6T H £01%6
8Z18 803505 I6ATT qI88H 09 0s g% 1§ Of X808 ‘oK
I999 711 useidg sioup Ty «m,mw wanh%w mm umwwm&@waﬁ.mwa mﬁmwm S8N0oK

tquSTen uvdac JO SUWBISTITIH

e

X 00Q S NIVELS



«160~

01T 9f£g loz hg T°2T S*0T T°0T 0*6 2°g €°g 9°L d 18666

A 96 g6 9€€T 90f€ HTT G°LI Q°ST O°HT 9°2T Q°IT 6°TT Q*0T K HGtges
6T 9€2T 6.2 6TIT €°LT 6°ST .nﬂ f1°€T 9%2T 121 f*21 4 69166

9 Q0T foT €9€T 2.f BT 0*6T S°it H gt w.m” 6°CT L°C€T H 06166
6 6E€T  lse 66 9°9T €°ST @°€T €°ST W T°WT f*lm 4 galgé

] gl fg 0601 lsz @b T°ST °€T 2°2T 2°1T 1°0T 9°6 2*6 H 62.lg6
T OEIT  lge LIT L°ST €161 T'HI W'€T 6°2T 6°1L 02T 4 289

L 12T 09 LI€T 26 02T QL 0'6T L°LT T°.T 2°9T O°ST I°ST H 296
19 O0STIT 61 10T 9°GT £€°9T G°CT {'21 6°IT 0°IT g°0r £ 1Iegs

g 6 96 seHT  €WE GTT LT L*oT T°MI 4*2T 2°1T1 S°0T 2°0T1 H 91296
lg BITT 692 TOT 9°9T 6°WT T°NT @°2T A°1T 2°21 Q*IT 4 O0T€66

L 02T T6 GEBET SEE 61T  4°6T 2°9T 2*9T I*HI 6°2T 6°21 w.mﬂ H T1866
0g 9€2T T2 Q0T 6°9T €°9T 0°ST MWL 9°€T L*CT I°HT 4 STHSH

g g6 T6 OIET 0£€ 02T @°LI TI°9T 2°9T €°€T 2°2T 6°*1IT L1t M 91H5s
88 E0TT 658 TOT ST €°ST @°Wr I°WT T°€1 ¥H°€T S°€T & 60756

6 GET 9% GOET  09f€ QIT 902 §°6T M.mﬂ 2*L1 6°91 O*LT 0°lT H oO1heh
. 196 9€2 T6  S°WI 6°ST @*MT €°€T 2°21 L°TI 6°TT 4 6g9€6

L 20T QIT 4691 g€ 9TT  S°6T 9% T°QT T°6T €21 W*LT 0*ST H 069t6
20T 6QIT 192 TIT H°QT '8 6°LT S*.T T°9T 9°9T 6°9T 4 2g9%é

g OTT 0g @02 S62 MoT €°'6T « .om M.mﬁ 1T w.mﬁ ..mm 0°ST H £99€6

eZ18 wseyse]  4OATI  B488H 09 S WM O Xeg oW

I933 7] useTdg gloupt1y soPe Jo mm.mﬁ 38 JusTen 0 gumId esnol

.nﬂmwwm, Gwm«uo 30 mmakw.m.m.mwm

40 g NIVHES



wl8lm

62T  Ygot €2 98 LG 2°NT 2°CT €°TT L°0T L*01 L°TT 4 €£€66

L T g €911 0€ 86 T*gT O°LT S*OT L°HT S°CT 9°*ET €°€T H 1MECs6

9¢ TIEIT 292 OIT 2°l1 €°I1 N..ﬁ 9°GT 2°S1T L*hT o't A 2gegd

6 00T &6 gl :wm T2T 2°6T N*6T 2°Q9T 9°91 €°o1 9*fr 2*HT H €92g6

09 @OIT HEe 66 0°ST €T €°¢1 6° ,m” m.o.ﬁ 2*0T 2°0T 4 €£92g6

It 68 09 leoT 6l g6 6°ST T*°4T N*Hr 6°€T €21 6°1T W*1T H 1heegs

gL Z2L0T 122 16 T°ST €°ST L°NT S°€T 2°21 L°1T YW*'11 4 T92g6

ot 69 T. 6621 Gl2 60T €°LT §°9T G*ST L°CT 9°2T G°2I I'2T H 992g6

06 TIET M9g 20T 9°LT 4°.T 0'9T H°GT 2°HT M*€T 9°CT 4 G0996

0T geT lg 2€€T  02€ 9TT T°02 §°12 6°6T 9'QT I°QT L°LT @*L1 H 90596

€9 €96 g9¢ TBT  T'9T 6°ST N°ST 9°HL O°HT @°CT I°WT 4 00596

9 91T 06 HEST 4G9¢ €21 0'02 9°'g1L m._ﬁ 6*ST €£€°51 m.m.m W*eT H 10696

9L T60T 262 €O0T O°LT S°LT 2°0T 1°HT H*HT €*HT €7t & s2hse

8 IET T, €SET €9 60T  S*6T 9°6T 1°QT 2°9T €°ST 0°ST £°ST M 92H%e
WL €901 tee é6g T 60T 9°HT 9°€T @°2T 0°CT 6°¢T 4

L it %g m.: gse 221 N*Qm 1°02 m.mﬂ 2'91 m*m,m €°ST 9'ft H mmﬁmm.

| 29 €EIT 668 60T 2°QT S°9T 9°9T © gt d:ﬁ 2*st 4 €£less

g 2T 9l 8621 6TIE€ 1281 §'61 L*02 l'91 @.ﬁ m.ﬁ .m.m 2°91 W Hlgse

86 s9g sg2 16 €T T°9T 6°HT 2*°Mt N..m,m 0°cT 9*¢Tt 4 oflgs

¢ 2L 03 e o W  seor o+ o .ﬁ w.m.m LHT et ooht W THice

“oZ1E seisey XA TT jaesH 09 S5 w@o 0§ xes ‘O

03111 ueeTdsg gLoupty teds Jo mh@m »._m ﬁ.mw.mak SWBID esnoH

e O L0 TBTI0 JO SWSITTTITN

£ Q¢ 4 NIVELS



~162=

99 QE2T g6 60T 2°QT 9°LT €°LT 9°ST 6°HT €°Ht €41 4 <Geggs

9 S 99 I62T  I9C 2IT  £°02 £°02 0°6T 6°LT G°LT 2*LT 9°JT H 92£g6
€L G921 2l2 Q0T T'LT 9°.T 0°9T T°HI T*CT T°'C€T O°CT A Ll2g6

9 L 98 TSET  le2 9IT  S*6T €02 L°QT @°'LT 9'9T N'9T 9°9T H gl2gé
g 2T  2lz €0T  0°LT W*QT L°LT €°9T O°MT T°HT O*ir & 2ligh

9 69 LI 1211 692 ¢£g 9*ST H*NT H°LT §°9T L*'ST 4°ST @°ar H €L1g6
6 2111 O g6 m.mm 9T T°2T 9°0T m.m L6 26 4 949Ig6

6 6 00T GS0T 222 16 S*HT 6°€T €°2T 6°0T L'6 0°0L g*6 H IGTg6
| 29 g2€T  TRZ QOT T°LI §°9T 9°SI €°HT L°WI €°HI 0°ST £ £6196
L I, 29 9L €6f 62T €°02 6°LT 2°91 g°iT TNT T*HT 9*tr H 96196
OTT 66ET £g2 HOT  T°LT 9°9T 6°ST 2°9T T°*ST 0°ST H°ST 4 T1596

L 06 TIT 60£T OTH LTI 0°6T 0°LT 1°ST 9*l1 G*9T N*9T 1°9T K 2169
LS OWTT Tg2 90T T°LT L'LT L°9T §°ST L°HI S°NT T°ST 4 1pESh

s 6 06 6021 zmm 0T 4G°gI 0°6T €11 m.ﬁ 651 wm,,m..m 0°9T K 2gt£%h
€ 1201 2 6L 2°€T 9°2T S§°€T L2 *TIT 6°0T 2°1I1T 4 99£sh

g8 6g Hg €T WeE 911 @61 w.mm m.ﬁ T*HT 9%21 €°2T 9°1T K 19£%6
l9 0901 gtz W6 6£°ST 2°9T T°ST O°NI g°€T 2°€T L*€1 4 £9.£6

g gl G 690T 182 2IT 0'9T 9°gt H*ot amﬁ o*ft T°HT m.mﬁ R T9lge
€L Hh9ot 9 <8 g9*ST €°ST L*€T 0°2T 6°2T 6°2T W*€T 4 60LE6

2 6 €9 99€T 02f QIT TI*6T S°6T 6°9T T°9T LWt O°HT 6°€T W OLLES
®Z18 BO3661 XOATT qa8ed 09 GG 0% 60 e§ 1§ 0% xes ‘ON
1633 TT ueedg sfeoupti :o8e Jo sfwp 4% guStem Lpog Jo swway esmol

e 2SS

A Tedao JO SWeISTITIN

4 00C *H HIVYds



165w

6 991T bl 66 £°q1 .ma T*HT 6°2T 6°IT 0°21 2°21 L2E66
L Ll 0L 1621 60f 90T H*AT @°QT 9°LT 6°'Hr €T o*ft Tt 62£66
€IT Q09 09z €6 2*€1 m.ma T°2T €°1IT 9°TI 6°TI @°11 gIEGE
) € 90T ¢€lg 9lz TIT G°NT L°€T L°IT T*OT S°O1 H°TT 9°11 6166
6 TOZT 692 HOT 0°9T 0°9T 6°HT @°CT M*€T 9°€t o°'Mt 56206
L 99 ITT gTT @9¢€ QIT @°eT L°91 9°iT .mﬁ *HT £°6T €°91 96286

ol 1ttt €£2 W6 2°9T G*°9T T°ST €°€T L°21 9°21 L*2T 206
6 S 99 QEET  TOE QIT  0°6I 9°9T 6°9T W*Sr o*hx fi*¥t L1t Mmmmw
19 0921 12 2IT  G°LT €°11 9°GT £°HT 9°€T L*CT €°11 9lelé
L 99 o1 06T mxm HIT  §°6T S$°6T 2°1T £°ST O°HT 6°€tT f*i Llole
6 1g6 ez €6 6°€T S*2T €°TT H*0T 0°0T T°0T $°0T
8 2 0T STOT 0f2 00T e2°Hr 9°CT €'2T O°IT L6 €£°6 £*6 £9056
| S5  Of€T Rm 1T SeLT € 1 2°ST m..ﬁ ST 0°ST Lehse
[4 09 92T 9£9T 60T 9°'91 N.@M mﬁ €T £€°CT 9°£T 9°¢€T wm&mm

9 9£6 98 H*ET £°C€T €°CT 2°¢T €T 0°CT 6°¢1
8 69 mm Pz Ed mwm 21T  2°QI £°gT 9°.I 0°*ST 2°HT 1°CT L*T

M@MMﬁHﬁmmoﬁmmﬁa.@am.m.mmm.wam.MNm.mm
6 09 29 9t6 162 Hort m.nﬂ l*at a.MH T 0*2T S°IT TI°IT g*01

19 6.6 922 90T 09T 2°'HI 6°2T 9°1T L*OT L*01 S°1IT

Eh EE R MK OER OER EER ER ER Sk
g
A

6 ls 00T 206 gge €21 e*'si m.mw m¢mﬂ *21T h«ﬁﬁ m‘ﬁm e'cl wmwmm
@ZLE wmegsey  JAPATT 32800 09 ¢ WM 0V Xeg 'OR
81371 ueetds sheupty $e%8 J0 whmw wm ayaItea q ,wm suRIn esnoK

e IO L0 UBATO0 3O SUBISTTLIN




=164~

02T 2zZWoT g2 06 T°C€T T°2T €°TIT 2°0T 6°6 @°6 TI*OT d 9£9g6

L 92 GET g6 6z g 0°2T €°CT L*1IT 6°0T 6°0T 1*0T Q°OT H lE£sgé
L TI0T fRe 26 T°ST 9°HT 9°2T H1°IT H°TT 9°T11 m.mﬁ g 2T€g6

ot 6¢ maﬂ 9l6 loz €@ m.mw 6°CT 2°CT 6°CT 2°MT .mﬂ *Ht H €1£g6
L eher  olz got *QT @°LT L°9T S°ST €°ST 9°GT €°91 4 2€5g6

-] gh mmﬁ €l2T £0f TIIT *gT M*LT 6°ST 9°*MT S*\[T m¢¢M 0°ST H €££9g6
TOT TEOT LS2 €0T H°9T O°LT N°ST 6°€T S°*°€T 9°CT W*it & gligs

L €5 LET 68TT S62 IOT Q°9T 9°91 g°G1 s*fr ¢* ﬁﬁ m.dﬁ g*it H 29196
€L T02T €W 6  2°LT HUOT LUST NI TUMT N stir 4 H2S96

€ 68 66  6EST  9TH LIT  6°02 2°6T LT o*lT O°LT LT T°lT M 42596
91T L20T 6% 26 W L°€T L°2T €°TT 9°TIT 9°TIT T°2T 4 92596

L t &L st g 96 9*iL 2°H1L g°CT G°TT O0°2T 2°2T €'21 K 62996
L. RIT g2z 9 2°HT T*HT 0%2T L°TT L°TT H*21 0*€t 4 Timhes

6 ™ 201 22t ofe mwﬁ L*ST T°GT L*2T NW°1T €21 9*21 W€t H Lihce
56 6£2 98 S°CT 6°2T L°HT O°CT T°CT e°*fr 2°s1 4 1Bles

o] 19 mmm SIOT S0€ TOT O°*ST 9*WT €°91 O°f[T T°HT L°fT L*sT H Mwwmm
98 Sl6 222 0L  6°IT 2°2T @°IT 6°0T 9°TT $°TT 22T 4 6.£56

P 68 SIT 4911 gge 66 0°9T 9°HT £°¢€1T 92T m»mﬁ 6°2T O*€T K 0gfss
; €21 21t gle €11 ‘9T 0 T 6°€T @.mw L€t 6t & Mples
g l§ 2.1 €911 00f 90T m Il 6 *9T 9*4T 2*SL m.mw T*9T ® Mm»mw
e318 86386 dOATI 93800 09 mw 0% Mw m o xes °oR

183371 ueeTdg gheupTy to38 Jo sflep 3® 3ud oM @nﬁ w& BwRLn SETOH

e OO EOM UBSI0 JO SWSIITLITH

4 00g *d NIVHLS



~165~

00T THIT 292 90T 9°*AT L°AT 0*AT 9°LT 0°LT 9°9T g*9T 4 ofzhor

€ oIt €6 o9tht €I€ 90T 2°T2 1102 0°02 9°9T 9°LT 2°4T 0*41 H 12t
€90 T60T 62 66  2*6T S*6T L*QT 6°LT S*.T L*it L*l1 £ ghetor

q 9TT 68 €2€T NGE 6IT G*22 0°*€e 0°22 6°02 H*02 *02 6*61 W 6ighort
ofit 02T lg2 Q0T T1°6T 6°QT 0°QT 9°9T €°91 L*9T 6°ST 4 612t

g OIT TIT fihTt o IT  2°€2 6°22 Q°T2 T'02 T°6T §°QT L°QT K ozzhor
28 6lot  l2z 16 L°LT §°LT 9°9T W*sT e°ST S°ST 9o°fit 4 fretort
L gzt ot teetr K 60T 0°¢€e m.mm 0°22 9°6T 6°9T L°9T g°9T W grehor
€T 69€T S92 20T L°QT T°QT S°LT Q°ST 2°ST 0°ST 9*HT 4 LQ6TOT

1 g6  Ll9T £65T S€E€ STT L*02 9°6T 9°QT L'OT H°ST T°ST 9*ST H 98610T
LET 166 LgT lg 9*2T 9°CT 0°2T TI°0L 66 0°01 g*6 4 2THOOT

9 2g 92T 92hT OTIC ZLIT &6°QT 2°9T €91 O°HIL L°TT 9°TT L°T1T W €ThHooT
| €OT 166 e &0T §*LT T°gT €°LT §°ST 9°ST §°ST 6°ST 4 60%00T
L STT €0T 28T 62€ Q0T 112 9°12 6°02 0°02 T°6T 6°9T 9°*§T H 0OTHoOT
& €2TT @22 6% 9*ST 2°9T 6°HT 6°CT 2°CT T°CL @21 4 6296

g 12T mmﬁ gNET  €2€ GOT 6°6T 9°6T 2°6T 11"QT €*LT G°9T T°9T M 0£9%6
o 566 902 TI§  2°9T L*9T 6°GT T*ST T*WL €Wt o*¥r 4 olshs

g 9€T LIT @&0ST 6£¢ SIT  W*22 1°*¢e L*02 9°02 @°9T "9T @*9T H 1.9
WL €SIt Mle S6 2°gT T*9T f*LT $°9T 0°9T 9°ST 9°ST 4 145M6

9 STT 90T T.UT 2E€€ 9TT  6*22 9°IC 6°TI2 9'02 M*6T L°*QT 0°6T K 254h6
218  BO350% XOATT 3280F 09 64 04 G ™ 0 X85 *ON
J933 71 useTdyg sfsupTy tede Jo sfep 18 quItem Lpoq Jo swwap o8sNOY

tySten uedao Jo sumaSTLTTH

X0 7 NIVILS



STRAIN L 20 r
HMouse Grams of body welght at days of age: Kidneys Spleen Litter
Nos. Sex Lo L1 L2 % 50 55 60 Heart Liver Testes size
ohshk8 M 19,0 18,14 18.5 19.9 21.5 22.6 22.2 116 337 126Lk 85 108 6
OLELT7 P 16.h 15.9 16,1 16,9 17.2 18.0 17.5 99 255 971 72
95668 M 17.8 18.2 18.8 19.7 20.3 22.2 21.8 12 368 1390 178 105
95667 F 12,7 12.0 12.6 13.6 14,8 1,5 1L.8 99 239 951 143 b
97549 M 16.L 15,7 16.h 17.h 18.9 22,0 22,2 119 345 1472 106 98 12
97548 F 16,2 16,0 16,9 17.2 18.6 19.1 17.5 97 245 951 91
9755 M 17.2 17.5 17.8 19.3 20.3 20,8 21,k 119 346 1572 120 129 6
97553 F 1.7 15.7 16,0 15,5 16,0 16,9 16,7 101 23 1078 77
98939 M 14,8 1.7 15.7 16.3 18,0 20,0 20,5 122 318 1360 99 88 7
98938 F 1.6 1.6 15,1 15.5 17.0 17.5 17.6 110 266 1036 90
99493 M 17.2 16,4 17.2 18.4 19.9 20.7 21,1 123 L08 1502 125 8
99L492 F 15.1 15.3 15.4 1L.5 15.3 18,0 17.7 102 281 1109 1%%
100383 M 12,6 13.1 13.0 1.6 16,8 19,3 20.3 123 307 1372 118 98 7
100382 F 13,0 12.5 13.1 1.2 15.5 16.7 17.2 102 24y 1163 98
100401 M 16,8 16,6 16,7 18,5 20.2 22,2 22,0 130 376 1510 196 122 5
100400 F 10,6 10,9 11.1 13,0 1.3 15,1 15,0 98 22 1156 173
102808 M 17.3 18.5 18.6 19.3 20.5 21,1 21.0 122 664 1366 175 90 6
102807 F 1.9 14,9 15,7 16,2 17.1 18.L 19.C 98 257 1102 103
103902 ¥ 13.0 13.6 1,6 16,3 18,0 20,4 20,7 111 295 1550 121 73 6
Folied 1.9 15,3 16,2 174 17.6 17.7 ol 225 1269 107

163901

~991~
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Hidlligrams of organ weight:

Litter

 Testes aize

Spleen

Liver

Eidneys
Heart

»
*

age
60

55

y weight at days of
i k2 k5 50
13,2 13.

Grans of bod
1 14,5

Sex LO

Ho,
o606 M

Houde

15,

oL605 F 13.6
o612 M

113 331 1569 90 67
263 1240 101

100

»*
L

15
R

94611 F
97567

3

gﬁ L9

1023
1251
1656

90 251
98 249

op 15,6 15.7
i 16,5 17.3
12, 339

2

13.4 13.5 13.1

g M 13,0 1. ‘
97566 F 14,8 13.9 13.3 14.3

«168m

7

80 59

1656 161

115 295

110

19.8

.5 19.2 20.9 20,9

61

93

133 101

% B¢
123 37h

106 27

7
1y

T
1

17.1 16.

99518 M  16.8
¥ 1.
M

99517
100392

8
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63

82

168 121
1151
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975 103
892
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83 227
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O
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M
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96 43
1241 234

1555

0

372
108 316
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