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ABSTRACT 

4 Februa ry  1952 

A STUDY O F  THE X-IRRADIATION PROTECTION 
AFFORDEDBYCOBALT 

OBJECT 

Since cobalt produces anoxia and polycythemia and is believed to 
in te r fe re  with sulfhydryl groups necessa ry  for  cel lular  activity, i t  ‘ w z s  
of in te res t  to determine the influence of cobalt on i r radiat ion effects. 

RESULTS AND CONCLUSIONS 

White mice  kept for  s eve ra l  days (5 to 8 days)  before i r radiat ion 
(720 r )  and seve ra l  days (about 15) af ter  i r radiat ion on a cobalt diet  
(3 to 4 mgm.  of cobalt per  day)  showed a significant increase  in  
res i s tance  to total body i r radiat ion a s  compared with mice  kept on a 
Pur ina  stock diet. Tentatively i t  is concluded that the changes produced 
in the organism af ter  administering small amounts of cobalt (anoxia, 
polycythemia) a r e  responsible for  the effect. A comparison with 
current ly  discussed i r radiat ion mechanisms such as oxygen tension, 
role of sulfhydryl compounds and enzymes,  and blood and blood’form- 
ing sys tem,  unveils close para l le l i sms .  

RECOMMENDATIONS 

The observed effect should be investigated intensively with different 
cobalt compounds, different concentrations,  different administering 
t imes  and cobalt in combinationwith other physical and chemical factors .  
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A STUDY O F  THE X-IRRADIATION PROTECTION 
AFFORDEDBYCOBALT 

'I. INTRODUCTION 

Anoxia producee polycythemia (1, 2 ,  33, anoxia protects  against  
i r radiat ion damage (4, 5) ,  and cobalt in te r fe res  with cel lular  r e s p i r a  - 
tion and produces polycythemia (6, 7,  8). Does cobalt protect  against  
i r rad ia t ion  damage ? 

Animals suffering f rom los s  of appetite, anemia and loss  in body 
weight (signs similar to those of radiation s ickness)  can  be cured with 
cobalt (9). Can cobalt c u r e  actual i r radiat ion damage?  

The ro le  of anoxia in i r rad ia t ion  protection is under intense study 
(4, 10) and the importance of blood and the blood-forming sys tem i n  
counteracting i r rad ia t ion  damage is  under discussion. The platelets  
have been investigated by Cronkite (ll), lymphocytes and lymphatic 
t issue by Jacobson (12, 13), and the blood forming sys tem by Cronkite 
(14), Jacobson (151, and Lorenz  (16, 17). 

With these facts in mind investigations on the influence of cobalt in 
total body i r rad ia t ion  effects were  under taken. 

11. EXPERIMENTAL 

A. Methods and P rocedures  

Approximately 300  female  Swiss albino mice  (24-26 gm. ) were  
used in these experiments .  They were  divided into four  groups for  each 
experiment  : 

Group 1 - Pur ina  stock chow diet. 
Group 2 - Cobalt diet. 
Group 3 - Pur ina  stock diet  plus i r radiat ion.  
Group 4 - Cobalt diet  plus irradiation. 

The cobalt  d ie t  was  p repa red  by immers ing  the Purina chow pel le ts  
in a 2% cobalt  chloride solution (CoC12 + 6 H20)  for  a period of two 
minutes and then allowing them to dry ,  The average amount of cobalt  
p e r  g r a m  of pellet  was about 1. 0 mgm. Thus each mouse, eating 3 to 4 
g r a m s  pe r  day, received approximately 3 to 4 mgm of cobalt  per day. 
The mice  were  kept on this d ie t  five and eight days  before i r radiat ion 
and for  about 15 days a f te r  i r radiat ion.  Water was given ad lib. -- 
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The mice were i r radiated in groups of 10, each group consisting of 
5 mice on Pur ina  chow and 5 mice on the cobalt diet. The i r radiat ions 
were  done with a Kelley-Koett deep therapy x - ray  unit, operated a t  
200 Kv, 6 ma, 1 m m  A1 plus 0. 5 m m  Cu, 30 c m  target  distance,  40 
r / m i n  in  a i r ;  a total of 720 r .  The mice were observed for  30 days 
after i r radiat ion and the mortal i ty  ra te  was recorded every  24 hours .  

0 

.--e 
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B. Resul ts  

The resu l t s  obtained with animals receiving cobalt food f o r  five 
and eight days prior to i r radiat ion a r e  presented in F igures  1 and 2. 

100 

?- 80 

J 
t 

a 
0 60 
=E 
W 
(3 

z 
W 
0 

W e 

i-Q 

40 

a 

20 

TOTAL BODY IRRADIATION 720 r 

PURINA FED 0 
COBALT FED 0 

0 0-0 COBALT FED MICE ON 
DIET FROM 5 DAYS 
BEFORE UNTIL I5 DAYS 
AFTER lRRADlAllON , 

TIME IN DAYS 

FIG. I MORTALITY RATES 

2 



100 

* 8 0  

J 
k 

a e 
0 60 r 
W 
(3 

z w 
0 

e 

40 

a 

20 

C 

1 

TOTAL BODY IRRADIATION 

PURINA FED 0 
COBALT FED 0 

COBALT FED MICE ON 
DIET FROM 8 DAYS 
BEFORE UNTIL IS DAYS 
AFTER IRRADIATION. 

720 r 

i 
I" 

e-. -*- 
i 

- 

I I I J 
, 5 10 15 20 25 30 

TIME IN DAYS 

FIG, 2 MORTALITY RATES 

The animals  kept on cobalt diet  before i r radiat ion show in both 
c a s e s  a significant increase  in their  res i s tance  against  i r radiat ion in  
comparison to the i r rad ia ted  groups on Pur ina  chow only. 

The general  appearance of the cobalt fed i r radiated animals 
was quite s imi l a r  to that of the non-irradiated animals.  They exhibited 
smooth fur and normal  vitality while the i r rad ia ted  animals on normal  
food and the few animals that died in the cobalt fed i r radiated group 
showed al l  the signs of heavy i r radiat ion damage. 
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111. DISCUSSION 

! 

i 

The protective effect exhibited by cobalt lends itself to discussion 
and comparison with present  i r radiat ion protection investigations. 

The oxygen deficiency inc reases  the res i s tance  against  i r radiat ion 
damage. Compounds such as cysteine and glutathione counteract 
irradiation effects on sulfhydryl enzymes. The proper  support  of the 
hematopoietic system stimulates and speeds recovery.  

In cobalt administration experiments ,  similar p rocesses  a r e  going 
on. According to Orten and Barron  cobalt in te r fe res  with cellular 
respiration and produces anoxia. According to Burk, e t  al. , cobalt 
may block sulfhydryl groups and perhaps other groups necessa ry  for  
tissue metabolism. According to Orten,  cobalt produces a s t rong 
polycythemia, indicating an active st imulus to the hematopoietic sys tem.  

Which of these mechanisms is decisive in the observed cobalt 
protection effect? It may  be thatnot  one mechanism alone but a l l  th ree  
together, working in a functional correlat ion,  produce the effect. The 
parallelism is s o  close and the possibil i t ies to obtain more  information 
on cer ta inphases  of the protection mechanics a r e  so  obvious that m o r e  
inve s tigations a r e  worthwhile. 

IV. CONCLUSIONS 

The above reported experiments  indicate that cobalt given oral ly  
severa l  days before and af ter  i r radiat ion inc reases  the res i s tance  of 
white mice against  total body i r radiat ion.  The way in  which cobalt 
produces this protection may  be closely related to present ly  discussed 
protection measu res  such as anoxia, the blocking of sulfhydryl enzyme 
activity and the support  of the hematopoietic system. 

V. RECOMMENDATIONS 

To evaluate a l l  possibil i t ies offered by cobalt for  protection against  
i r radiat ion damage the following experiments  should be performed: 
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1. Administration of cobalt in different  chemical  compounds; in  
modified concentrations; in various methods of application; and a t  
different t ime intervals  before and af ter  i r radiat ion.  

, 
b 2. I r radiat ions with different kinds of ionizing radiations,  and 

different doses .  

3. Hematopoietic studies with different  t i s sues ,  par t icular ly  blood. 

4. Ea r ly  i r radiat ion effect studies on the cellular level. 

5. Investigations of cobalt in combination with other physical and 
chemical fac tors .  
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