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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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Summary. The pattern of body weight changes of micé befofé irradiation mod-
ified their responses to doses of gamma radiation in the midlethal range. A
-éignificant increase in mortality compared to control mice was found for hice
that had either lost weight prior to irradiation, or had gained more weight
than the average weight gain of the population. The results emphasize that

selection criteria in animal radiobiological experiments can influence results.

Mammalian sensitivity to radiation is often indicated by the LD , that is,
the amount of radiation needed to kill half of the original popu]ggion in a
specified time, usually 30 days. Mortality is a consequence of radiation dam-
age to bone marrow étem cells (1). For results to be maximally reproducible
between experiments and to be comparable to data reported by “other investiga-
tors, there should be strict criteria used to select aniﬁa]s frém a stock bop-
ulation for use in radiation experimentation. For example, it has been shown
that there is a definite '‘cage'' effect that strongly influences mortality of
irradiated mice, in that.the moftality after a given dose of radiation was not
independent‘of the numbér of mice per cage (2). The reason for the effect was
not determined. - This effect has also been reported by Hahn and Howland (3),
who found an increased 30 day mortality for mu]fip]y,hqused versus single housed
rats. The authors felt that social pressures'exerted by multiple housing in-
creased radiosensitivity. In this research, the mortality of mice to irradiatiop
as a function of body weight changes from 8 to 10 weeks of age have béen examined.

MATERIALS AND METHODS

Animals: Animals used»wefe male Swiss Websfer noninbred mice, obtained from

the Simonsen--Breeding Laboratories, Cilroy, California. Nutrient agar cultures

of heart blood of randomly selected mice showed no Pseudomonas aeruginosa or

Salmonella sp. organisms present prior to irradiation. Fecal samples were also
negative. Animals were maintained on laboratory mouse food and chlorinated

water ad libitum for the duration of the experiments.
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Animal Selection Procedures: Mice were received from the supplier at 49 +

3 days of age, and were housed (15 per cage) in large cages. For the first

week after receipt, 1 teaspoon of Terramycin powder (Charles Pfizer Co.) was

added to the water bottles to act as a broad spectrum antfbiotit'in an effort
to insure a healthy preirradiation mouse colony. At 8 weeks of age, each mouse
was housed in a pint Mason jar wfth éedar chip bedding and 100 ml water bottles
(Fig 1). From the eighth tHrough the tenth weeks of age, the mice were weighed
three times over a period of 10 days.

For the purpose of testing the effects of body weight changes on radiosen-
sitivity, the fol]owfng groups were intercompared:
Controls: These mice had gained weight from the eighth to the tenth weeks and
their weights were within i_h grams of the mean weight o% the-entire population
at the tenth week. . These mice comprise our usual experimental group and usually
constitute about 70 percent of the original ﬁumber of mice.

Reject 1 (R1): Even though the mean weight of the population increases over the

weighing interval, there are mice that lose weight during this time. These mice
comprise the R1 experimental group, although the proviso was made that the weight
of these mice at the tenth week also had to be within + b grams of the mean

weight of the population.

Reject 2 (R2): This group of mice had body Weights tﬁat remained constant
from the eighth to the tenth week, and also had a weight at irradiation within
+ 4 grams of the mean population weight:

Reject 3 (R3): These mice gained weight from the eighth to the tenth weeks, but

their weight at irradiation was more than 4 grams below the mean weight of the

population.. .

Reject 4 (R4): These mice had gained weight from the eighth to the tenth weeks,

but their weights were more thanlh grams above the mean weight of the population

at the time of irradiation.

Irradiation Procedures: Mice were irradiated, 6 at a time, with a cobalt-60 -
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gamma-ray source of'iSOO Curies 'strength. Mice were 70 cm from the source,
and a 5 mm Jucite shield was placed immediately in front of the source to screen
out any interference from secondary electron production. The air dose rate at
the position of the mouse was measured with a Victoreen R-meter and was found
to be about 70 Roentgens per minute. The conversion from air Roentgen dose to
the absorbed tissue dose in rads was obtained by multiplying the Roentgen dose
by 0.875. Radiation doses were given which produce damage primarily to the
hematopo ietic system (740-835 rads), end.mioe wfth this type of injury die .from
the consequences-of bone marrow failure, normally within 9-17 days after irra-
diation with an average survival time of approximately 11 days.

Hematological Studies: To see if observed mortality differences between grouws

could be related to the preirradiation hematopoietic status of the blood
forming tissues, bleod was obtained from the orbital sinus venous'conplex

in wnanesthetized mice and packed cell volumes, white blood cell counts, and
differential white blood cell counts were done. Also, mice were killed by -
cervical dislocation, one humerus was removed and the bone was washed out by

use of HanK s balanced salt so]utien. The cell suspension was asp irated re-
peatedly to obtain a single cell suspension and was then centrifugedbat 1200 g.
The pellet was ;esuspended in a smell amount}of fetal ca]F serum, and the sus-
pens ion was streaked on glass slides Qith a eamelhair brush, air dried, and
fixed with absolute.nethanol. Differential counts of bone marrow cells were
performed on 500 cells, stained with Wright's stain. Due to the small number of
animals in the reject grows, postirradiation analysis of bone marrow and
peripheral blood changes were not done.

RESULTS AND DISCUSSION

~In Table 1 are shown the we ight data for 8 di%ferent rad iation exper iments
over a tine period of about | year. |In Fig 2 are plotted the mean we ight values
of the 8 experiments for each of the three we igh ings performed, along with

the ir standard errors. The average we ight of the mice increased by 2.8 grams



over the ten-day weighing period. A two-tailed t-test of the average
weights of the eight different experiments versus the time of weighing showed
that the average weights were significantly different from one another at -
the 0.05 level of probability.

With regard to the effects of prelrradlation weight change patterns )
on subsequent radiatlon-produced mortality, the relative radlosensitlvitles_of
thevgroups.obtained from the origlnalloouse pooolatlon are.shown io Table 2 ' 1 Caee
The slopes and standard devuatlons of the mortalnty curves were calculated
using the method of thchfleld and Wllcoxon (4) and dlfferences were evaluated
using a t-test.' of the four reject groups, there are two (R2 and R3) that -
do not show a radiosensitivity different than. found in the control mice.
The respective LD50/3O values are 796 :ads (controle) ’80l cads)(RZ), and
808 rads (R3). However, there are twotgroups that do show a significantly
greater radlosenS|tIV|ty as compared to-the control group. *These are the

: P 5

R1 and Rh groups with LDSO/3O values of 74] rads and 74L rads respectlvely
These are mice that have either lost welght (R1), or haye gained. more weight
than the control mice (R4) during the prelrradiation weighing period. |

Although a difference in radiation sensitlvity'iclfound for the R1 and
R4 groups of mice as compared to controls, the reagon for such a difference
in sensitivity is not known. As radiation mortality at these dose levels
is related to depression in hematological statos, it was hoped that examina-
tion of the peripheral blood and the bone marrow preirradiation might show
differences that could be related to subsequent mortality. However, as the
data in Tables 3 and 4 show, there are no significant dlfferences in the
values of several hematological parameters between experimental groups.
Therefore, the difference in mortality must tentatively be attributed to other

than primary differences in hematological integrity, and these indirect in-

fluences are not known.
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It would seem that,if radiation experimentation with mice involves an
estimate of a LD50/30 value, then some type of preirradiation culling of
animals prior to irradiation appears necessary. For example, in the Swiss
Webster mice, the proportions of the total population that fall into the
control, RI, RZ, R3 and R4 categories are respectively about 70, 10, 5, 10

and 5 percent. Given'their reSpective LDSO/éO values, this would give a.

weighted average LDSO/3O of about 788 rads, a value not sugnlflcantly dlff“-

‘-t{. “r

erent than the LDEO/30 value for ‘the control populatlon (796 rads) waever,

5|t would certalnly enlarge the error varlance of the estimation of the
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TABLE 1

Pattern of we ight change of mice over a 10

Exper iment
Number -
1

2

8
Average

We ights

the tenth wee ks of age

~ We ighing No. 1

28.0 + 0.9%(259)"
27.8 + 0.9 (263)
28.0 + 0.8 (247)
30.0 + 0.5 (410)
29.5 + 0.4 (735)
29.8 + 0.8 (466)
28.6 + 0.7 (69)
28.1 + 0.5 (893)

28.7 + 0.3 €

aValue indicates the standard deviat ion of

b

Values in parentheses indicate the number

day interval from the e ighth to

We'ighing No. 2 We ighing No.
28.8 + 0.8 30.6 + 0.8
28.8 + 0.9 31.4 + 1.0

28.9 + 0.9 ( 33.0 + 1.1
30.9 + 0.6 32.4 + 0.4
30.4 + 0.5 30.9 + 0.6
0.7+ 1.0 32.5 +0.3
29.0 4 0.2 31.0 + 0.6

29.3+ 0.4 30.5 + 0.3
29.6 + 0.3 3L516A

3 Experimental

Date

6/12/68
8/1/68
10/1/68
12/1/68
2/1/69
3/1/69
/1769
6/1/69

the mean we ight of the population.

of mice used in each experiment.

“Indicates tke standard error of the average mean we ight of the 8 exper iments.



-TABLE 2

Thirty day postirradiation mortal ity of mice

[

irradiated with gamma-rays at

10 wee ks of age as a function of we ight changes in a 2 week period preirradiation’

No. Dead/

Grow A B Dose (rads) Percent Mor- Mean Survival
: ' No. Irradia- tality (95% time (days)
.ted iy e conf idence lims+ o 7' ..
: its)
Controls + 100 + 12.7 740 14/48 29 (17-44) 11.7
S+ 100 + 12.7 796 24748 50 (35-65) 13.5

+ 100 + 12,7 853 34/48 71 (56-83) 12.8
Estimated LD, 3 for Controls is 796 rads (752-840 5 95% confidence:limits)
RI - 100 + 12.7 740 11/22 50 (27-69) 14.2

- 100 +12.7. /796 21/30 70 (51-85) - 13.5

- 100 + 12.7 83 29/32 91 (75-98) 14.0
Est imated LDSO/3O for the Rl grow is 741 rads (700-783) A
R2 0 100 + 12.7 740 5/18 28 (10-54) 12.2°

0 100 ++12.7 796 8/18 . Ly (21-69) 13.1

0 100 +12.7 853 13/18 72 (46-90) 13.9
Estimated LDSO/30 for the R2 group is 801 rads (760-844)
R3 + 87.3 740 6/24 25 (9-46) 11.9

+ 87.3 796 15/33 - b5 (28-6k) 12.7

+  87.3 83 16/24 67 (45-86) 15.0
Est imated LD for the R3 grow is 808 rads (763-854)

50/30 .

R + 112.7 - 740 15/30 50 (31-69) 14,3

+ 112.7 796 15/21 71 (48-89) 13.3

+ 112.7 853 31/36 86 (70-96) .2.0
Est imated LDSO/3O for the R4 group is 74k rgds (701-788)

Ind icates direct ion of we ight change from the e ighth to the tenth weeks of age;

+ indicates we ight gain; 0 indicates no change in we ight; - indicates we ight loss.

as compared to controls.

B We ight (relative to controls)

of grow at the last we ighting before

irradiation.



TABLE 3 i

Pre irradiation perpheral blood hematological values of Swiss Webster male mice separated into groups

on the basis of we ight gain prior to irradiation -

Grow No. of Wh ife Blood Count Néutrophils Lyrrphocytes: Monocyfes‘ Eosinophils Pacled Cell
B m ice 1,000 s/mm3 percent | percent' " percent percent Volume, percent.
Controls 13 3.85 iO.ha'_ 12,0411 8.0+ 1.8 -0.8+0.4 2.2+0.5 50.6 + 0.7
Reject 1 5 5.20 + 0.5 8.8 + 1.3 86.2+3.7 1.2+0.4 3.8+1,0 49.2+ 1.4
Reject 2 5 L 6 + 0.8 h0+ 1.5  83.6+40 0.8+05 1.6+0.7 48.6+ 0.9
Reject 3 5 3.90 + 0.7 20.2 1.6 76.6+2.5 0.6+0.4 2.6+0.9 50.2+1.5
Reject 4 5 4,98 + 0.6 10.0 + 1.4 88.0+3.0 1.0+0.6 1.0 iAo.a | 48.7 + 0.7
Reject 5 5 5.05 + 0.8 13.3+ 1.2 83.8+3.1  0.9+04 2.2+1.2 4.1 4 1.4

a .
Valwes represent the mean of the observations and the standard error of the mean,



P .
Vi . e b Eewy

PRI T AR S A

‘:; T Radiey , - . R * -
N ™ 3

TABLE 47 . . . -
. . .o -
- . . *'.- - — 2L e e et
LN R SRS w\m‘” *"'ﬁfﬁ"‘ VE"N‘ “«“‘W Fo Dby o

Prelrrad:atlon dlfferentlal count of nuc]eated calls in the bone marrow of.male SWISS ‘Webster mlce
separated |nto groups on the. basisTef. w;Lght gain’ prlor to |rrad|ation

' . - . . e .,'-.'w, w-.. Group AT

. Cell Type Controls (13)@ Reject 1 (5) Reject 2 (5)2,-Reject 3'(5)',&Rejq9§'h (5)- PReject 5 (5)

Total Neutrophils  41.1°¢.3.2b 41,9 + 3.0 b5.h o+ 2.h 348257 38,3+ 2.8 W5 & 2.1
Mye loblasts 1.9f;’§.h;;t? 2.3 £2.0 1.0 i,ofeﬁiﬁég;ifffiﬁjﬁééﬁgg?é2;6 £1.3 1.3 + 0.8
Promyelocytes . 6.6+ 0.5 ; }.6 +°3.2 6. 6 i:2;f;§iij;§?§§§;Jﬁé_]ﬁ%"4.#:i'0-6 3.5 £ 1.2
Mye locytes 7.9 i!é.6 o Q;é * 2.4'; . ”8.9~; g&iii&%&fg{éi;?w.%;é"é;:6.8 + 2.1 7.1 ¢ 1.4
Metamyelocytes 6.5€l.t"".0.6! _‘3'.'"4 + 18 1-'9.'1"45,1 82;53?.; '3‘2 t 0.7 ' V5.5 % 1.4 7.7+ 1.6

Bands 13,5 % b 16.0
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+
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5.5

I+
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9
Segmented 4.7 tté. 3
0 3 e 5.6
18.8

3 > .
8 61t 1.5 - 9.0+ 1.5 Y g5t

..\
v
+ 7

Eos inophils 5.3

I+

i+

Erythroid Cells 21,2+ 2,0 22,0+ 4,0  19.0% 1.4 245 41 26.2

i+
w
\Sa}
1+

o

3.2+ 6.8  28.2

I+

i+
N
o

1.1 27.0

I+
(e}

30,1 4

I+
w
o

Lynp hocytes 31.4 £ 1.4 29.0

2 |ndicates the number of mice used.

b Values are mean values and the standard error of the mean.
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Fig 1. .Photograph of the éingle‘housing};condition used for mice In radiation
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Fig 2. We ight gainAof mice over 3 weighingsbfrom the efghth to the tenth
wee ks of age. Each point is the mean and standard error of e ight
experiments. The linear least-squares regress jon e quation of the
line is Y = 27.1 ~+ 1.4 X. A ch}-square analysis of the data
showed that the deviation of the points from a lﬁnear relat ionship

is not significéﬁt over this time interval.
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