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ABSTRACT 

FURTHER INVESTIGATIONS INTO THE MODIFICATION 
OF RADIATION SENSITIVITY AFFORDED BY COBALT 

OBJECT 

To study the influence of administering t imes  and feeding con- 
ditions on cobalt afforded total  body x- i r rad ia t ion  protection. 

RESULTS 

The adminis t ra t ion of a cobalt diet  for 5 and 8 days before  and 
for  15 days a f te r  x- i r rad ia t ion  increased  the tolerance of female 
Swiss-Webster albino mice t o  total  body x- i r radiat ion (720 r ) .  The 
administration of a cobalt diet  for 36 days before and for 15 days 
af ter  i r rad ia t ion  and the administration of a cobalt diet  for 30 days 
beginning immediately af ter  i r radiat ion produced no pronounced ben- 
eficial effects.  

CONCLUSION 

The r e su l t s  indicate that the initial events produced by the ad-  
minis t ra t ion of cobalt r a the r  than the events at la te r  t ime intervals  
a r e  decisive for  the observed inc rease  in rad io- res i s tance .  Which 
one of the init ial  events, stimulation of the hemopoietic sys tem,  in te r -  
ference with cel lular  resp i ra t ion ,  inhibition of enzymatic activity, 
contributes,  alone o r  in combination, to the protection cannot be  said 
a t  p resent .  

RECOMMENDATIONS 

Methods and t i m e s  of administering cobalt, optimum quantity 
for protection, and the combination of cobalt with other protective 
agents should be investigated. 
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FURTHER INVESTIGATIONS INTO THE MODIFICATION 
OF RADIATION SENSITIVITY AFFORDED BY COBALT 

I. INTRODUCTION 

The beneficial effect of cobalt against  acute mortal i ty  of mice 
after totalbody x- i r radiat ion was recent ly  repor ted  (1) and the possible 
mechanisms of action discussed (2) .  Cobalt may afford protection 
by producing a polycythemia, suggesting an active st imulus to the 
hernotopoietic sys tem ( 3 ) ;  by interfering with cellular resp i ra t ion  (4 ) ;  
or  by blocking enzymatic activity (5) .  Each mechanism pe r  s e  in- 
f luence s rad ios  ens  itivity . -- 

Before a decision can be reached as  to which mechanism is 
pr imar i ly  involved, fur ther  investigations a r e  necessary .  If polycy- 
themia is  decisive for  the change in radiation sensit ivity,  the o r a l  
administration of cobalt over long per iods should increase  its effective- 
ness  since cobalt polycythemia generally approaches a maximum 
after weeks of o r a l  administration ( 3 ,  6 -  11). 

Evaluation of this  possibility under controlled feeding conditions 
w a s  the purpose of the experiments  reported h e r e .  

11. EXPERIMENTAL PROCEDURE 

Four hundred female  Swiss-Webster albino mice (25  f 1 gm)  
were divided into four groups:  

Group A - Purina Stock Chow Diet 

Group B - Cobalt Diet 

Group C - Purina Stock Chow Diet and ,--radiation 

Group D - Cobalt Diet and Irradiat ion 

The no rma l  diet  consisted of Pur ina  stock chow pel le ts .  The 
cobalt diet  was prepared  daily by immers ing  Pur ina  chow pellets for 
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two minutes in an aqueous 270 solution of CoC12 . 6H2O* and then 
allowing them to dry. Under these conditions the pellets re ta in  their  
original f o r m  and become enriched with cobalt. To give a l l  animals  
easy  access  to food, the pellets were  sca t te red  in the cedar  shavings 
covering the bottom of the cage. Thus,  the cobalt fed animals could 
eat  ad lib the cobalt t reated surface o r  the l e s s  enriched co re  of the 
pellet .  The animals  werekept  on this  diet  for  36 days o r  l e s s  before 
and for 15 days o r  m o r e  af ter  i r radiat ion.  

-- 

To study the effects of feeding conditions (12),  another group of 
mice was kept in plastic cages.  Their  random choice of food was 
restr ic ted by feeding them through the regular  food baskets .  

The i r radiat ions were  made with a Kelley-Koett deep therapy 
x- ray  unit operated a t  200 kv, 6 ma, inherent f i l tration equivalent 
0.25 mm Cu., 1 mm Al, plus 0.5 mrn Cm. added filter, t a rge t  distance 
28  c m . ,  48 r / m  i n  air ,  total dose 720 r / i n  a i r .  The animals  were  
i r radiated in a well ventilated lucite cage in groups of 10 (5  animals  
f rom GroupC and 5 animals  f r o m  GroupD) and observed for  30 days 
after i r radiat ion with the deaths being recorded  every  24 hours .  

111. RESULTS 

A. Administering Per iod  

Mice kept on cobalt food for a few days p r io r  to x- i r radiat ion 
show a g rea t e r  res i s tance  to radiation injury than mice  kept on cobalt 
food over a longer period of t ime.  The survivalof animals  receiving 
cobalt food for 5 to  8 days p r io r  to  and for 15 days af ter  radiation 
(Fig. 1 and Fig.  2 )  was approximately 50 to 60% higher than the s u r -  
vival of the i r rad ia ted  Purina chow fed animals  in their  respect ive 
groups. 

The survival  curves  of the animals  fed cobalt food for 36 
daysbefore and for 15 days af ter  i r radiat ion (Fig.  3 )and  the survival 
curves of the an imals  fed Pur ina  chow and i r rad ia ted  follow approxi- 
mately the s a m e  pat tern.  Only in the la t te r  pa r t  of the study did the 
cobalt fed i r rad ia ted  groups show a modification in the curve.  This 
a lso holds tyue for  animals  placed on cobalt food immediately af ter  
x-irradiation and r e s t r i c t ed  to  the same diet  until the terminat ion 
of the study (F ig .  4). 

+E&A Tested Pur i ty  Reagent, Cat. No. C-371, Cobalt (ous) Chloride,  
C. P. CoC12 . 6H2O M. W .  2 3 7 . 9 5 ,  F i she r  Scientific Company. 
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B. Feeding Conditions 

Animals having easy  a c c e s s  to the t reated food (pellets offered 
on the bottom of the cage)  showed a significant increase  in res i s tance  1 against total  body x- i r radiat ion damage (Fig.  1). Animals forced to  I 

! consume cobalt t rea ted  food through the regular  food baskets  died 
I ea r l ie r  than their  respect ive controls (F ig .  5 ) .  t 
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IV. DISCUSSION 

A. Administering Per iod  

The reported data indicate that the beneficial effect of cobalt 
on radiation sensitivity does not occur when cobalt is given over long 
t ime periods.  The highest protection is afforded with shor t  t ime 
feeding experimen-ts (5 to 8 days before and 15 days af ter  i r radiat ion)  
in accordance with Seyss  (13) and Weissbecker (14) who maintain that 
a cobalt induced ”pseudo globulie” builds up in the first 2 -4  days af ter  
administration. This  could mean that the g rea t e s t  protection is not 
reached a t  the height of the t rue  cobalt polycythemia (af ter  application 
of cobalt over s eve ra l  weeks j but at a ’ t i m e  when the blood forming 
apparatus is being stimulated.  In support of this  hypothesis a r e  the 
findings by Bethard,  Skirmond, and Jacobson (15). They found no 
significant difference in the sensit ivity of blood forming t i ssues  to 
P32 between normal  rats and rats with an  established cobalt induced 
polycythemia. how eve^, when the application of P32 and the admin- 
istration of cobalt were  begun simultaneously, the r a t s  showed some 
protection against  the destruct ive effects of P32. This protection, 
according to  Bethard,  Skirmond, and Jacobson, may r e su l t  f r o m  the 
initial hyperactivity of the bone m a r r o w  following cobalt adminis- 
t r a t ion. 

B. Feeding Conditions 

The feeding conditions a r e  decisive for influencing radio-  
sensitivity. F igures  1 and 5 show c lear ly  that animals  with easy  
access  to food showed a n  inc rease  in rad io- res i s tance  while animals  
fed through food baske ts  could not develop a res i s tance  against  the 
ionizing radiation. An explanation may be  found for the food basket  
studies in that 2070 of the cobalt fed an imals  (Group B) died indicating 
a probable toxicity f r o m  the ingested cobalt. In this  feeding method 
the animals a r e  forced  to  ea t  whatever p a r t  and surface of the pellet  
is presented to them through the openings in the food basket ;  whereas  
in the other method, the food is available ad  lib giving the animals  a 
choice of the pellet  sur faces  o r  the less cobalt enriched c o r e s  of 
partly eaten pel le ts ,  

-- 

The amount of cobalt necessa ry  for  the beneficial effect is 
probably relatively small. One of the la tes t  publications on the clinical  
usage of cobalt by Gardner  (16) r e p o r t s  that  a dose of 50 to  150 mg 
givendaily in enter ic  coated tablets (and not inliquid fo rm)  with mea l s  
is without noticeable ill effects.  F r o m  th is ,  assuming the average 
weight of the patients to be 60 kg, i t  can be  tentatively estimated that 

6 

Washington National Record Center 
Oflice of the Army Surgeon General 
Record Group 112 

- .  \ 



i 

L 

a mouse may tolerate  about 0.05 mg cobalt per  day without noticeable 
ill effects. This i s  f a r  under the previously est imated 3 to  4 mg (2) 
of cobalt probably consumed by the animals  in  these studies.  The 
exact toxic level for. mice  r ema ins  to be determined. 

V. CONCLUSIONS 

The r e su l t s  indicate that the init ial  events produced by the ad- 
ministration of cobalt ra ther  than the events at la te r  t ime intervals  
a r e  decisive for  the observed increase  in  radio-r  es is tance.  Which 
one of the initial event s, stimulation of the hemopoietic sys tem,  inter - 
ference with cel lular  resp i ra t ion ,  inhibition of enzymatic activity, 
contributes, alone o r  in combination, to the protection cannot be  said 
at  present.  

VI. RECOMMENDATIONS 

The following fac tors  should be studied: 

1. Administering t ime and quantity of cobalt necessa ry  f o r  
maximu m x-irradiat ion protection. 

2. Augmentation of the action of cobalt by other protective agents.  

3 .  Action of cobalt on sulfhydryl containing enzymes andsub-  
s t r a t e s .  

4 .  Influence of cobalt on cellular resp i ra t ion .  
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