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Effect of Daily Exposure to 15 r y Radiation on Susceptibility of Mice to 
Experimental Infection.* (25800) 

C A R O L Y N  HAMMOND, S O N I A  I<. A N D E R L E  A N D  C. P H I L L I P  MILLER 
Dept. of Medicine, University of Chicago, Chicago, Ill. 

In  earlier experiments( 1) mice were ex- 
posed continuously to gamma radiation a t  3 
different levels of intensity: approximately 
128, 69, and 34 r/day, respectively. After 
various periods of irradiation their suscepti- 
bility to  bacterial infection was determined 
by intraperitoneal challenge with graded in- 
ocula (10-fold dilutions) of Pseudomonas 
aeruginosa. The results showed that in- 
creased susceptibility to this infection was 
related to dose rate rather than total amount 
of radiation accumulated. At the lowest rate, 
34 r/day, no significant increase was demon- 
strated in 2 experiments on mice which had 
accumulated 2 140 r during 9 weeks exposure. 
Despite that finding, dose rate in the present 
experiments was reduced to 15 r/day, but the 
challenge inocula (of the same test microor- 
ganism) were graded by less than lO-foIld di- 
lution in an atempt to detect smaller changes 
in susceptibility than were demonstrable in 
the previous experiments. 

Materials and methods.  Mice.  A total of 
89.5 CF-1 females were used, approximately 
half of them irradiated and half controls. In 
m e  experiment they were 4 weeks old, in all 
others 10 weeks old, when irradiation was be- 
gun. They were housed in groups of 10 in 
Lucite cages measuring 7% x 1 2  x 7 inches 
covered with perforated aluminum tops. Food 
pellets were available a t  all times. Tap water 
was supplied in sterilized bottles which were 
changed every day. Cages were changed and 
disinfected once a week. Irradiation. The 
mice received approximately 15 r/day 6 days 
a week. Exposure time was 7 hours a t  first, 
gradually lengthened to 7 hours 21 minutes as 
the CoG0 source decayed. Between exposure 
periods both irradiated and control mice were 

* This investigation was suppcrted jointly by: 
contract between Univ. of Chicago and U. S. Atomic 
Energy Comm.; Research Grant from Nat. Inst. of 
Allergy and Infect. Dis., U.S.P.H.S.; and the A. B. 
Kuppenheimer Fund, Univ. of Chicago. 

kept in the same room, one week in a room re- 
served for uninoculated mice, the next week 
in the exposure room with the source shielded. 
This was done so that irradiated and control 
mice should live as much of the time as pos- 
sible )in the same environment. No deaths oc- 
curred among irradiated or control mice be- 
fore challenge. The longest exposure period 
was 15 weeks because i t  was necessary to ter- 
minate experiments a t  that time. Exposure. 
Mice were exposed in an air conditioned room 
in the sub-basement of the Argonne Cancer 
Research Hospita1.t Cages were placed on 
a wooden rack with their long sides facing a 
nominal 10-curie Co60 source, their centers all 
124 cm from it. The dose rate was based on 
the assumption that distribution of the mice 
was random within each cage and disregarded 
the shielding effect of the mice on each other. 
Dose measurements were made with a Victor- 
een ionization chamber (calibrated by the Na- 
tional Bureau of Standards) placed in the 
center of one of the Lucite mouse cages with 
its aluminum top in place. The ionization 
chamber was covered with a close-fitting 4- 
mm Lucite cap of sufficient thickness to pro- 
vide electronic equilibrium for cobalt-60 
gamma rays. Accuracy of these measure- 
ments was estimated to be rtz 3%. Challenge 
inoculations. Each challenge inoculation in- 
cluded unirradiated controls from the same 
shipment of mice. The test microorganism 
was a streptomycin-resistant strain of Pseu- 
domonas aeruginosa used in this laboratory 
for several years to challenge mice exposed to 
acute X-radiation (2,3) and to continuous 
gamma radiation ( 1 ) . Virulence has been 
maintained by weekly passage through mice. 
Preparation of inocula. An 18-hour culture 
was washed off an agar plate, suspended in 5 
ml saline and shaken 15 minutes on a rotator 
in a flask colntaining glass beads to disperse 

~~ _ _ ~  ~ 

t Operated by Univ. of Chicago for U. S, Atomic 
Energy Commission. 



262 INFECTION IN IRRADIATEC MICE 

TACT,E 1. Total Tlcucocpte Counts (Geometric 
Means) 011 1Iic.r Esposci l  t o  15 r/T)tty. 

R :I (1 i :I t i o n  
Eqos l l re ,  accumulated, 

wk r 1 l e ~ i ~ o ~ y t e ~ / m n ~ 3  

0 
1 
4 

3-4 
P ? - ( i  

9-1 ( i  
11 

12-1 3 
15 

any clumps of bacteria. The suspension was 
diluted to a standard density (10:’ per ml) by 
means of a Coleman colorimeter (filter 430 
mm).  Dilutions were made to provide in- 
ocula containing approximately 2 .O, 1.2 and 
1.9 x lo8 (and in a few experiments 10‘) 
which were injected intraperitoneally in 0.5 
ml volume into 5-20 mice each. The numbers 
were checked by plating in quadruplicate 0.1 
ml samples of appropriate dilutions of the bac- 
terial suspensions. White blood counts. To- 
tal leucocyte counts were made on 242 mice 
by customary methods on blood obtained 
from a tail vein. Their geometric means are 
shown in Table I.: 

Resul ts .  Almost all deaths occurred with- 
in 48 hours after challenge. Although 13 mice 
died later, autopsy cultures of heart’s blood 
and spleen showed only 6 of them to have died 
with Ps. aeruginosa bacteremia. The other 7.  
therefore, were excluded from the mortality 
data. 

From the results of each challenge inocula- 
tion, the LDS0 for irradiated and control mice 
was determined by probit analysis. The dif- 
ference between LD;,(] of each irradiated group 
and its controls is plotted (in tenths of a log) 
against the duration of their exposure: i.e., ac- 
cumulated radiation (Fig. 1 ) . The mean of 
these differences (ratios) for each exposure 
time is also plotted. Points for the regression 
line were computed from the means by the 
method of least squares. It shows that a 
slight but progressive increase in susceptibility 
to experimental infection resulted from pro- 

$ Leucocyte counts were made by Miss Betty 
Wolfe. 

longed daily exposure to 15 r. Between 9th 
and 15th weeks, the peniod covered, this in- 
crease was calculated to be .029 log of in- 
oculum per 100 r gamma radiation accumu- 
lated. 

Comparison with eflect of single exposure t o  
X-radiation. In  earlier experiments (3).  mice 
were subjected to 300, 400, and 500 r X-radia- 
tion in a single acute exposure and challenged 
5 days later by intraperitoneal inoculation 
with the same strain of Ps. aeruginosa. LDSOs 
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F I G .  1. Cliarigcs in  susceptibility to  challenge 
iiioculatioii plotted as differences in LD,,’s of ir- 
r:idiated and control mice. 

FIG.  2. For comparison: effect of single acute 
exposures to  X-radiation. Challenge 5 days post- 
irradiation with same strain of Pseudomonas aeru- 
ginosa. 
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were computed by the methods described 
above. The means of the differences between 
those of irradiated and control mice are plot- 
ted (as whole logs) in Fig. 2. The slope shows 
how much greater was the increase in suscep- 
tibility to the challenge inoculations produced 
by each increment of 100 r acute X-radiation, 
approximately .54 log of inoculum per 100 r. 

Discussion. The differences in LDS0s of Ps. 
aeruginosa for irradiated and control mice in 
each challenge inoculation indicate a slight 
but progressive increase in susceptibility to 
this bacterial infectioln from the 9th through 
the 15th weeks of expolsure to 15 r/day. The 
change was too small to have been demon- 
strable by use of 10-fold gradations of in- 
ocula as used in our previous experiments on 
mice exposed tol 34 r/day( 1 ) .  At 9 weeks, 
the shortest exposure time, the effect on sus- 
ceptibility was so slight as to raise the ques- 
tion whether any change a t  all could have 
been detected earlier. 

After 15  weeks' irradiation (total accumu- 
lation 1350 r )  the increase in susceptibility, 
while still small, was clearly demonstrable. 
It is unfortunate that exposures could not 
have been prolonged beyond that time. Com- 
parison of this effect of chronic y irradiation 
with that produced by a single exposure shows 
that an accumulation of 13 50 r (a t  15 r a day) 
increased susceptibility to the challenge in- 
oculations much less than did an acute ex- 
posure to 300 r X-radiation. 

The effect on total leucocyte counts was 

about the same. The geometric mean of the 
white counts oa 5th day following exposure to 
300 r was 2400( 1). After accumulating 1350 
r (at  15 r a day) it was 2200. 

Summary. 1)  CF-1 female mice were ex- 
posed to approximately 15 r a day radiation 
for 9-15 weeks and challenged at  intervals by 
intraperitoneal inoculation with graded doses 
of Pseudomonas neruginosa. Comparisoa of 
LD5,0 of irradiated and control mice in each 
challenge showed that between 9th and 15th 
weeks a sliight but demonstrable increase in 
susceptibility to experimental infection had 
occurred. 2 )  The increase caused by accu- 
mulation of 1350 r during 15 weeks exposure 
was, however, very much less than that re- 
sulting froim a single acute exposure to 300 r 
X-radiation. 
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Ttrduction of Lactation and Mammary Growth by Pituitary Grafts in Intact 
and Hypophysectomized Rats.*t (25801) 
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Recent investigations suggest that the hy- pituitary from its cranial connections results 
pothalamus normally inbibits prolactin secre- in increased production of this hormone. Des- 
tion by the AP, and that Severance of the clin( 1 - 2 )  and Everett(3) reported that auto- 

as Jour. Art. No. 2617. capsule of the rat maintained functional cor- 
t This work was supported in part by an NIH pora h t e a  for prolonged periods Of time. 

grant. Eckles et aZ.(4) noted lactation in several 

* Published with approval of Mi&. Agr. Exp. Sta. transplantation of the pituitary to the kidney 


