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T;\RLE 1. C'oiii~~lrnit.nt-Fisntion Titers and Body Wcight Change of Rats in a Vitamin BI2 Deficient 
State. 
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bodies when either a relatively small or large 
amount of antigenic material was injected. 
JVhen a relatively small amount (0.0073 mg 
X) of antigenic material was employed, no 
detectable complement-fixing antibody was 
present in the sera of the deficient animals. 
However, the sera of 90% of the inanition and 
ad libitum controls demonstrated complement- 
fixing antibody when the same amount of an- 
tigenic material was employed. When a rela- 
tively large amount (0.0365 mg K) of antigen 
mas introduced, the sera of the deficient ani- 
mals did not demonstrate antibody titers as 
high as either the inanition or ad libitum con- 
trol animals. 

S Z / I ~ Z Z I I Q Y J I .  This study indicates that a vit. 
BIZ  deficiency impaired the production of cir- 
culat ing complement- fixing an tibody. The 
sera of the inanition control and the ad libitum 
control animals possessed antibody concen- 
trations of approximately the same titers. 
This was evident when either 0.0073 mg N or 

0.0365 mg N was employed as the antigen. 
Therefore, the specific vitamin deficiency and 
not inanition appears to be the significant 
factor affecting the production of circulating 
complement-fixing antibody under these ex- 
perimental conditions, 
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Protective Effect of Adrenal Steroid Administration on Irradiated Mice. 
(19888) 

E. A. MIRAND, M. C. REINHARD, AND H. L. GOLTZ. (Introduced by E. M. Bridge.) 
From Roswell Park Memorial Inst i t ir t~ Bugalo, N .  Y .  

Altering the resistance or radiosensitivity 
of animals to ionizing radiation and ascertain- 
ing the physiological processes behind such re- 
sistance or radiosensitivity have been the sub- 

jects of many investigations( 1-4). The idea 
that the condition of stress set up in animals 
by radiation can be altered by the administra- 
tion of certain hormones has also been stud- 
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TABLE I. Effects of Administration of Adrenal Steroids on Mortality Rate of DBA Mice 
Following Radiation with 500 r Dose to the Eead. 

Mortality 
Steroid dose, Days of S o .  of animals at 45 days 

Group Com1wuncl inp/clay :~diiiiiiist:.:itioii 2 0 b 9 
1" 
11" 
I11 (control) 
I V  )' 

I* 
I1 * 
111 (control) 
IV 

1 2  12 0 0 
8 s 4 0 

12 19 12 123 
11 11 0 0 
1 2  1 2  0 0 
6 ci 0 0 
13 13 13 13 
11 11 0 0 

* Although 45 days is indicated, these treated animals were still surviving and apparently 

t C = cortisone. 
3 Mice received cortisone or UCA immediately a f te r  radiation. 

well a f te r  4 montlis. 

Two lived 52 days rathcr  than 45 days a f te r  radiation. 

ied( 5 - 7 ) .  Moreover, a direct relationship be- 
tween the adrenal cortex and resistance to 
whole-body radiation has been postulated. but 
this postulate has been neither proved nor re- 
jected. Therefore, it is the purpose of this 
study to endeavor to investigate the role of the 
pituitary-adrenal axis in radiosensitivity or 
resistance in mice or: more specifically, to de- 
termine the effect of cortisone and DCA as 
agents in minimizing the radiosensitivity in 
mice as a result of ionizing radiation. 

Materials. a. Mice. The mice used in these 
experiments were all from our own inbred 
strain of DBA mice. Both males and females, 
having an average age of 6 weeks and an 
average weight of 20 g, were used. I'urina fox 
chow and water were available at  all times. 
b. Hormones. The hormones used in these ex- 
periments were 1 1-dehydro-17 hydroxycor- 
ticosterone-2 1-acetate (Cortisone Acetate- 
Merck) and desoxycorticosterone acetate 
(Doca Acetate-Organon) . c. Radiation. 
The x-rays used had a H.V.L. of 0.9 mm cop- 
per with a dose rate of 150 r/min. (air) a t  a 
distance of 30 cm. Procedure. The lethal 
dose curves for DBA mice with head and 
whole-body radiation were first established 
(Graph 2 ) ,  and from these curves a dose of 
500 r (air) was selected for radiation of the 
head. This dose produces death in 100% of the 
unprimed animals. Animals were primed to ob- 
serve whether or not the aforementioned hor- 
mones would afford protection when a 500 r 
dose was administered to the head. In a sub- 
sequent DaDer lethal dosane curves for head 

radiation, whole-body radiation, and whole- 
body-except-head radiation for this (DBA) 
strain and other strains of mice will be pre- 
sented. Preliminary data obtained to date 
show that there is a marked strain difference 
in the response to ionizing radiation. As 
shown in Table I, the mice were divided into 
4 groups. The first group received injections 
of hormones prior to radiation, the second 
group was treated subsequent to the radiation, 
the third (control) group received radiation 
only, and the fourth (control) group received 
hormones only. 

Results. It is evident from Table I that, 
whereas a dose of 500 r produced death in all 
of the control animals (group 3 ) ,  those ani- 
mals which had been fortified with hormones 
prior to irradiation were apparently unaf- 
fected, as judged by the mortality rate. The 
second group of mice, namely those which re- 
ceived the hormones subsequent to irradiation, 
also showed evidence of a protective effect of 
the hormones, but to a lesser degree than the 
first group which received the hormones prior 
to irradiation. 

In order to further analyze the data with 
respect to time of survival, the results are 
plotted in Graph 1. The data for whole-body 
radiation with a dose of 500 r are included. 

When a 5 0 0  r dose is delivered either to the 
whole body or to the head, a 100% mortality 
rate is obtained (Graph 2 )  ; however, mice re- 
ceiving whole-body radiation succumb sooner 
than those receiving head radiation only. 
Over 2 0 0  mice were utilized to establish the 



ADRENO-STEROID PROTECTION AGAINST RADIATION 3 99 

DBA MICE - 5 0 0 r  DOSE 

A - PRE 8 P O S T  T R E A T E D  D C A  I3 
PRE TR CORTlSONl  

50 
- WHOLE 60DY RADIATION 

0 - H E A D  RADlAl lON 

'd - P O S T  TREATED CORTISONE 

'i '. - - - _ _  _-v 
\ 

I \ 

i 
1 
I 

f 
I 

I \v 
S I0 Is 2 0  25 30 35 40 45 

DAYS SURVIVAL AFTER RADlAT I ON 

DBA MICE 

0 WHOLE BODY RADIATIW 
HEAD RADIATION 

GRAPH 2 

1000 1100 

DOSE IN " r "  

fact that a 500 r dose to the whole body is 
fatal. 

Discussion. The foregoing data clearly in- 
dicate that administration of the gluco-corti- 
coid, 1 1 -dehydro- 1 7-hydroxycorticosterone 2 1 - 
acetate: or the minero-corticoid, desoxycorti- 
costerone acetate, enhances the survival rate 
of DBA mice when radiated with a 500 r dose 

to the head. This investigation can be com- 
pared to investigations made by others despite 
the fact that other workers used whole-body 
radiation and different dose levels, hormones, 
strains of mice, and even different animals. 
Therefore, looking at  the results of other in- 
vestigators only on the basis of whether or not 
the hormones used afford protection against 
ionizing radiation, and yet not minimizing the 
importance of differences in strains, hormones, 
radiation dosages, etc., one can probably say 
that our findings agree with those of Ellinger 
(7), who has reported that 0.5 mg of desoxy- 
corticosterone given after radiation reduces 
the mortality rate. However, these findings 
are in contradistinction of those of Straube 
et aZ. (8), and Graham et al. ( 9 ) ,  who were un- 
able to demonstrate a significant effect from 
DCA. Smith et aZ.( 190) report the failure of 
cortisone or ACTH to reduce the mortality in 
irradiated mice. In  our work with DBA ir- 
radiated mice, cortisone was shown to be ef- 
fective. A strain difference in the metabolic 
handling of these compounds or variations in 
the effective dosage levels given may be sig- 
nificant factors in accounting for the apparent 
inconsistencies reported in the literature. 

In this study a correlation is seen between 
whole-body and head radiation (Graph 2 ) ,  
for similar mortality levels are obtained in 
both cases with a 500 r dose. However, the 
mice receiving whole-body radiation succumb 
within 16 days, whereas the irradiated mice 
receiving 500 r to the head succumb around 
the 45th day (Graph 1). The more rapid 
death rate for whole-body irradiated mice may 
be due to a more rapid failure of functional 
reconstitution of one or more of the tissues or 
organs in the body, e.g. ,  the hematopoietic 
system and the endocrine system. From this 
difference in mortality time in our data, one 
can suppose that radiating just the head re- 
gion involves a less direct impairment of 
radio-sensitive organs, e.g., spleen, bone mar- 
row ( l l ), and adrenal glands ( 12) .  However, 
since the pituitary-adrenal axis is known to 
play an important role in metabolic activities, 
the irradiated mice receiving head radiation 
succumb eventually, possibly as a result of 
injury to pituitary cells which disturbs the 
elaboration of metabolic hormones required to 
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support normal metabolic activity. In other 
words. the pituitary gland. particularly the 
anterior lobe, is profoundly influenced by ion- 
izing rays. As a result of this radiosensitivity 
along with other disfunctions. a state oi ad- 
renal insufficiency is established. From this 
one can assume that the extent of pituitarj- 
damage determines the degree of adrenal in- 
sufticiencj.. The fact that both cortisone and 
IICX are able to increase the survival time in 
DB.- mice suggests that in this strain a state 
of adrenal insufticienc!. is avoided either by 
rendering the pituitary less sensitive to ioniz- 
ing radiation or by preventing an early de- 
crease in adrenal-cortical activity after irra- 
d ia t ion ~ which. if  prolonged, may possi hl y 
result terminallj- in a relative adrenal in- 
sufficiency and finally death. 

Sztmmzry. 1. Soung male and female DBX 
mice were exposed to 500 r head radiation or 
whole-body radiation. A correlation is ob- 
served between head and whole-body radia- 
tion, as judged by the mortality rate. In both 
instances a 500 r dose gives a loo$/( mortality 
rate. but mice receiving whole-body radiation 
succumb sooner. 2 .  Nice receiving 500 r head 
radiation and primed before or after radiation 
with cortisone or desoxycorticosterone showed 
evidence that both of these compounds afford 
protection from the lethal effect of ionizing 
radiation. 3. Interpretations of the role of 

the pituitary-adrenal axis under the conditions 
of these experiments are discussed. 

lye nish to thank Dr. Kenneth Wade Thompson, 
Director oi  Medical Research, Organon Inc.: for 
the generous donation oi  desoxycorticosterone ace- 
tate (Doca).  
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Stability of Mumps Antibody and Antigen at Various Temperatures.* 
(19889) 

A. G. BENNETT AND J. E. KEMPF. 
From the  Department o f  Bacteriology, University of Illinois College of Medicine, Chicago. 

During the course of an investigation on 
the antibody response of man to vaccination 
with the mumps antigen it became necessary 
to obtain information as to the stability of the 
mumps antibody and antigen. The stability 
of the complement-fixing (CF) antibody of 
immune sera was tested in relation to tempera- 

*This study was supported in part by a grant 
from Eli Lilly and  Co., Indianapolis, Ind. 

ture variations during inactivation prior to the 
CF test, and following storage. The stability 
of the CF antigen and the CF antibody- 
producing antigen of a commercially prepared 
vaccine were also tested. 

Materials and methods. The complement- 
fixation test. The test employed in these stud- 
ies was developed by Habel( 1 ). Commercial 
hemolysin was used in the amount of 2 units 
in 0.2 ml. Lyophilized guinea pig comple- 




